EP 1404 213 B1

(19)

Europaisches
Patentamt

European
Patent Office

9

Office européen

des brevets (11) EP 1404 213 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00(2006.01)
23.03.2011 Bulletin 2011/12
(86) International application number:
(21) Application number: 01939099.6 PCT/US2001/016042
(22) Date of filing: 18.05.2001 (87) International publication number:
WO 2001/089362 (29.11.2001 Gazette 2001/48)
(54) PATIENT MONITORING SYSTEM
VORRICHTUNG ZUR UBERWACHUNG VON PATIENTEN
SYSTEME DE SURVEILLANCE DES PATIENTS
(84) Designated Contracting States: * WEINER, Herbert, S.
ATBECHCYDEDKESFIFRGBGRIEITLILU Portland, OR 97202 (US)
MC NL PT SETR * PETERSEN, Eric, G.
Aloha, OR 97007 (US)
(30) Priority: 19.05.2000 US 205412 P « HOWELL, William, H.
Portland, OR 97212 (US)
(43) Date of publication of application:
07.04.2004 Bulletin 2004/15 (74) Representative: Heyer, Volker et al
Bockhorni & Kollegen
(73) Proprietor: Welch Allyn Protocol Inc Elsenheimerstrasse 49
Beaverton, OR 97008-7107 (US) 80687 Miinchen (DE)
(72) Inventors: (56) References cited:

WEST, Kenneth, G.

Aloha, OR 97007 (US)

MOON, James, B.

Portland, OR 97229-8028 (US)
COLQUITT, Nhedti, L.

Aloha, OR 97007 (US)

WO-A-98/40009
DE-A1- 19 833 443
US-B1- 6 319 200
US-B1- 6 440 067

WO-A-99/44494
US-B1- 6 225 901
US-B1- 6 406 426

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 404 213 B1 2

Description

Field of the Invention

[0001] The presentinvention relates generally to mon-
itoring the vital signs of one or more patients, and more
particularly to a system and method for monitoring pa-
tients via wireless communications.

Background

[0002] Devices for measuring various physiological
parameters, or "vital signs," of a patient such as temper-
ature, blood pressure, heartrate, heart activity, etc., have
been a standard part of medical care for many years.
Indeed, the vital signs of some patients (e. g., those un-
dergoing relatively moderate to high levels of care) typ-
ically are measured on a substantially continuous basis
to enable physicians, nurses and other health care pro-
viders to detect sudden changes in a patient’s condition
and evaluate a patient’s condition over an extended pe-
riod of time. However, since most hospitals and other
medical facilities care for numerous patients assigned to
numerous different rooms, it can be difficult for a finite
number of clinicians to monitor multiple patients on a con-
tinuous basis. In an effort to alleviate this problem, some
medical monitoring systems have been developed to en-
able the vital signs data collected from patients to be
conveyed to a central location, thereby allowing one or
a few clinicians to simultaneously monitor multiple pa-
tients in different locations. However, many of such prior
systems have not allowed the monitored patients to move
about the hospital. Although a few "mobile" monitoring
systems have been attempted, such systems are difficult
to use and prone to failure resulting in the loss of a pa-
tient’s vital signs data.

[0003] DE 198 33 443 A1 discloses a method and a
system for monitoring a patient. To this end a mobile
monitoring station is transported together with a patient.
At each treatment side, the monitoring station is selec-
tively and physically coupled to an analyzing station by
means of an adapter. Data exchange is only established
between the monitoring station and the selectively cou-
pled analyzing station.

[0004] It is therefore the technical problem of the
present invention to provide a more mobile patient mon-
itor.

Summary

[0005] The above problem is solved by the subject-
matter of independent claim 1. Further modifications and
developments of the present invention follow from the
specification, the drawings and the dependent claims.

[0006] A wireless patient monitor is adapted to com-
municate with any one of plural medical telemetry net-
works, each having one or more central stations, where
each network is configured to communicate via wireless
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communications using one of multiple different commu-
nications settings. The monitor includes one or more sen-
sor inputs for receiving vital signs data from a patient, a
wireless transceiver configured to transmit and receive
wireless communications ; and a controller coupled to
receive the vital signs data via the one or more sensor
inputs and to communicate with a network via the trans-
ceiver. The controller is configured, upon initial power-
up, to automatically transmit a signal to a local one of the
plural networks via the transceiver to request the com-
munications settings used by the local network, and to
establish communications with at least one of the central
stations on the local network using the communications
settings received from the local network without interven-
tion from a user of the patient monitor.

[0007] Another version is a wireless, patient vital signs
monitor adapted to communicate with a medical telem-
etry network having at least one central station. The mon-
itor includes one or more sensor input ports for receiving
patient vital signs data, a controller coupled to receive
the vital signs data via the one or more input ports, and
a wireless transceiver controllable by the controller to
communicate with the at least one central station. The
controller is configured, when not in communication with
the at least one central station, to repeatedly attempt to
establish communications with the at least one central
station via the wireless transceiver. A display device is
also included and is controllable by the controller to au-
tomatically display a notification to a user of the monitor
upon establishing communications with the at least one
central station.

[0008] Yet other versions include a wireless, patient
vital signs monitor, a method of monitoring a patient and
a wireless medical telemetry system. The advantages of
the present invention will be understood more readily af-
ter a consideration of the drawings and the Detailed De-
scription.

Brief Description of the Drawings

[0009]

Fig. 1 is a fragmentary, schematic illustration of an
exemplary medical telemetry network in the context
of a hospital.

Fig. 2 is a fragmentary, schematic diagram of a sys-
tem for monitoring a plurality of patients.

Fig. 3is afront elevation view of an exemplary central
monitoring station.

Fig. 4 is a schematic diagram of an exemplary sys-
tem for monitoring patients.

Fig. 5is afrontisometric view of an exemplary patient
monitor according to the present invention.
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Fig. 6 is a front isometric view of another exemplary
patient monitor according to the present invention.

Fig. 7 is a schematic, functional block diagram of an
exemplary patient monitor according to the present
invention.

Fig. 8 is an exemplary image for display on a display
screen.

Fig. 9 is similar to the image of Fig. 8 but modified
to include a message region for display on a display
screen.

Fig. 10 is similar to the image of Fig. 8 but modified
to include a user-interface for display on a display
screen.

Fig. 11 is a flowchart illustrating an exemplary ren-
dezvous process.

Fig. 12 is a flowchart illustrating an exemplary com-
munications configuration process.

Fig. 13 is an exemplary image for display on adisplay
screen, and including a user-interface operable to
select a primary central station.

Fig. 14 is an exemplary image for display on adisplay
screen, and including a user-interface operable to
confirm a monitoring configuration.

Fig. 15is an exemplary image for display on adisplay
screen, and including a user-interface operable to
identify a patient being monitored.

Fig. 16 is an exemplary image for display on adisplay
screen, and including a user-interface operable to
select a primary central station.

Fig. 17 is an exemplary image for display on adisplay
screen, and including a user-interface operable to
change alarm condition parameters.

Fig. 18 is an exemplary image representing ECG
data from a single electrode for display on a display
screen.

Fig. 19 is an exemplary image representing ECG
data from plural electrodes for display on a display
screen.

Fig. 20 is an exemplary image indicating an alarm
condition for display on a display screen.

Fig. 21 is a schematic illustration of a system for mon-
itoring a patient at plural central stations.
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Fig. 22 is a flowchart diagram of an exemplary meth-
od for monitoring a patient at a central location.

Fig. 23 is a flowchart diagram of another exemplary
method for monitoring a patient at a central location.

Fig. 24 is a flowchart diagram of another exemplary
method for monitoring a patient at a central location.

Fig. 25 is a flowchart diagram of another exemplary
method for monitoring a patient at a central location.

Fig. 26 is a flowchart diagram of another exemplary
method for monitoring a patient at a central location.

Detailed Description

[0010] From an overview, and as will be described in
detail below, a system and method for monitoring pa-
tients is described that affords communication between
plural patient monitors and plural central monitoring sta-
tions. The system and method is designed to allow the
patient monitors to communicate with the central moni-
toring stations by using any known communication con-
nection (such as to-be-described access points) located
anywhere using any known communications technology
(such as the IEEE 802.11 standard for wireless commu-
nication) that provides a communication channel. The to-
be-described system and method also makes it possible
for a clinician to view patient data on a display component
of the patient monitor via any known communication
channel such as the Internet. For example, the clinician
could view patient data using known web browsers.
[0011] The to-be described system and method also
includes a so-called "rendezvous process" of establish-
ing communications with one or more central stations.
As will be shown in connection with the description of
Fig. 11, the rendezvous process may be carried out in
any of a variety of different ways, and may vary depend-
ing on whether wireless or wired communications are
used, as well as on whether the patient monitor is estab-
lishing a new communications connection or reestablish-
ing prior communications which were lost or terminated.
[0012] The patient monitors of the to-be-described
system are also constructed to function both as part of a
network of patient monitors and central stations, as well
as stand-alone patient monitors.

[0013] Turning now to details, a system for monitoring
patients is indicated generally at 20 in Fig 1. System 20
includes one or more patient monitors 22, each adapted
to collect vital signs data from a patient. System 20 also
includes one or more central monitoring stations 24
adapted to communicate with the patient monitors and
receive, process and store the vital signs data. Thus,
physicians, nurses and other health-care personnel
(hereinafter referred to collectively as clinicians) are able
to monitor a plurality of patients simultaneously and con-
tinuously from one or more central locations. As will be
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described in more detail below, patient monitors 22 and
central stations 24 are coupled to communicate using
wireless transmissions within a medical telemetry net-
work, thereby allowing a patient to move about inside or
outside a monitoring facility without loss of central mon-
itoring.

[0014] In the exemplary embodiments shown and de-
scribed herein, system 20 is configured for use in a hos-
pital. However, it will be appreciated that system 20 also
may be used in a variety of other environments including:
(i) other types of medical facilities, research facilities,
senior-care facilities, hospices, field hospitals, etc.; and
(ii) types of non-medical facilities and environments such
as patient residences, retail stores, or patient locations
outdoors. Therefore, it will be understood that the de-
scription herein encompasses medical telemetry sys-
tems for use in all such environments.

[0015] System 20 may be configured to provide patient
monitoring within selected regions of a facility or through-
out the facility. In the exemplary embodiment depicted in
Fig. 1, system 20 is configured with patient monitors and
central stations on multiple floors of a hospital. System
20 includes one or more wireless transceivers 26 dis-
posed within the facility and configured to communicate
with patient monitors 22 via wireless transmissions. The
wireless transceivers are configured to convey commu-
nications between the patient monitors and the central
stations. As a result, centralized patient monitoring will
extend wherever wireless transceivers 26 are disposed
within a facility.

[0016] Transceivers 26 may be also be characterized
as transmitter/receivers 26, i.e. any device capable of
transmitting and sending communication signals, wheth-
er it be a device operable for a wired application or a
device operable for a wireless application. However, for
purposes of the remainder of the description of the ex-
emplary embodiment, the term transceivers will be used
to describe for the wireless application being described.
[0017] Each floor may include a single central station
(as shown on the upper floor in Fig. 1) or plural central
stations (as shown on the lower floor). Alternatively, a
single central station may be configured to monitor pa-
tients on multiple floors. In many hospitals, central sta-
tions 24 are assigned to sections within the hospital that
perform different functions rather than to particular floors.
For example, one or more central stations may be con-
figured to monitor patients admitted to the Intensive Care
Ward, one or more different central stations may be con-
figured to monitor patients admitted to the Emergency
Room, while one or more other central stations may be
configured to monitor patients admitted to the Maternity
Ward, etc. Regardless of how the central stations are
arranged or assigned, system 20 may be configured to
allow any patient monitor 22 to be monitored by any cen-
tral station 24.

[0018] In addition to allowing multiple remote patients
to be monitored at a central location, system 20 may also
be configured to allow clinicians to view information about
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a patient’s condition from various locations inside and/or
outside the hospital. For example, in the embodiment
depicted in Fig. 1, system 20 includes one or more an-
nunciating devices 28, each having a display adapted to
identify a particular patient (e. g., by name, room number,
etc.) and to provide some information concerning the pa-
tient’s condition. Typically, annunciating devices 28 are
used to indicate alarm conditions for a monitored patient.
Alternatively, the annunciating devices may be config-
ured to indicate the condition of selected patients regard-
less of whether an alarm condition exists. In addition to
annunciator devices 28, system 20 may also include oth-
er devices configured to enable clinicians to monitor a
patient’s condition at a location remote from either the
patient or the central station. These other devices will be
described in more detail below.

[0019] System 20 may be implemented in many differ-
ent forms and configurations using various types and
combinations of components to provide a variety of fea-
tures and functions. For clarity, the invention will be de-
scribed below primarily in the context of one particular
exemplary embodiment. However, it will be understood
that the scope of the invention is not limited to the par-
ticular embodiment described, but rather extends to all
such embodiments, forms, configurations, types and
combinations as defined by the claims.

[0020] Turning attention to Fig. 2, a schematic repre-
sentation of exemplary system 20 is shown. The system
includes a medical telemetry network 30 adapted to mon-
itor a plurality of patients. In the exemplary embodiment,
network 30 includes a physical data transport structure
32 (also referred to herein as a network) such as an Eth-
ernet Local Area Network (LAN) system. Alternatively,
network 30 may be any of the electrical and/or optical
network communications structures known to those of
skill in the art. Alternatively, physical data transport struc-
ture 32 may include any other suitable network structure,
including a wireless structure, whether now known or lat-
er developed. In any event, physical data transport struc-
ture 32 is adapted to interconnect a plurality of network
components, and to transmit data communications be-
tween the components.

[0021] Although not shown in Fig. 2, it will be appreci-
ated by those of skill in the art that physical data transport
structure 32 typically will include one or more devices
adapted to connect the physical transmission lines to-
gether and route communications within the communi-
cations structure. Examples of such devices include
switches, hubs, bridges, routers, and the like. Thus, as
used her herein physical data transport structure 32 in-
cludes all such devices which may be necessary and/or
beneficial to a particular implementation as well as the
physical communication lines.

[0022] Communications transmitted within network 30
typically comply with one or more standard data commu-
nication protocols which are known to those of skill in the
art. As will be described in more detail below, the com-
ponents of exemplary network 30 use a variety of stand-
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ard communication protocols including the Transmission
Control Protocol/Internet Protocol (TCP/IP) suite, User
Datagram Protocol (UDP), etc. Use of standard commu-
nication protocols allows a variety of different compo-
nents to be connected to communicate over the network.
Furthermore, use of standard communication protocols
enables the use of standard routers, switches and other
network devices as mentioned above. Alternatively or
additionally, the components may communicate using
one or more non-standardized protocols adapted for
medical telemetry or a particular application.

[0023] Network 30 includes one or more central sta-
tions 24, each connected to communicate via physical
data transport structure 32 and configured to monitor a
plurality of patients. It will be appreciated that central sta-
tions 24 may take any one or more of a variety of different
forms. In the exemplary embodiment, each central sta-
tion takes the form of a computer workstation configured
to communicate via physical data transport structure 32
and monitor a plurality of patients. Central stations 24
may be any suitable type of central station such as the
ACUITY® central station available from Welch Allyn Pro-
tocol, Inc. of Beaverton, Oregon. The ACUITY® central
station is claimed in U. S. Patent No. 5,319,313 to Welch
etal.

[0024] One example of a central station is shown in
Fig. 3. Exemplary central station 24 includes a process-
ing module 34 having at least one processor (not shown)
and at least one data storage unit (not shown). The proc-
essor is adapted to execute software stored in the data
storage unit to communicate with patient monitors, ana-
lyze patient data, etc. Central station 24 also includes a
plurality of display devices such as display monitors 36.
Alternatively, central station 24 may include a single dis-
play monitor. In any event, display monitors 36 are con-
nected to processing module 34 and adapted to display
vital signs data collected from a plurality of patients. Typ-
ically, central station 24 also includes one or more input
devices 38 (e. g. keyboard, cursor control, mouse, re-
mote control, touch-screen, etc.) operable by a user to
control the central station. Central station 24 may also
include one or more audio input/output (i/0) devices such
as speakers, microphones, sirens, buzzers, etc., adapt-
ed to produce an audible message to a user of the central
station n. Those of skill in the art will appreciate that cen-
tral stations 24 may have a variety of different configu-
rations.

[0025] Central stations 24 are typically disposed at se-
lected centralized locations within the hospital such as
at nursing stations, etc. Each central station is adapted
toreceive patient vital signs data from one or more patient
monitors via physical data transport structure 32. The
central stations are controllable by a user to display se-
lected information concerning each monitored patient on
the display monitor. This allows clinicians to view the in-
formation collected by a patient monitor at the centralized
location. Additionally, central stations 24 may be config-
ured to simultaneously display data from a plurality of
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patients, thereby enabling a single clinician to watch over
several patients at different locations. In addition to com-
municating with patient monitors, central stations 24 may
also be configured to communicate with other central sta-
tions within the network. Thus, for example, patient data
received at one central station may be forwarded to a
different central station. This allows two or more clinicians
at different locations to simultaneously monitor a single
patient. Communications among different central sta-
tions will be described in more detail below.

[0026] Turning attention back to Fig. 2, network 30 may
also include one or more database systems 40 config-
ured to store patient information. Database system 40 is
connected to physical data transport structure 32 and
accessible by central stations 24 to store and retrieve
data. Patient information stored on database system 40
may include a variety of information concerning each pa-
tient including personal information, medical history,
room location, etc. Typically, the central stations are con-
figured to access database system 40 to identify patients
who are admitted to the hospital and display a list of the
patients on display monitor 36. This allows a clinician to
associate vital signs data received from a particular pa-
tient monitor with the corresponding patient. The central
station also may be configured to store on database sys-
tem 40 some or all of the vital signs data received from
the patient monitors. While database system 40 is de-
picted in Fig. 2 as a single, separate system connected
to physical data transport structure 32, it will be appreci-
ated that other configurations are also possible. For ex-
ample, database system 40 may be multiple databases
distributed around network 30. Alternatively, database
system 40 may be contained within some or all of the
central stations. Typically, database system 40 is a sys-
tem or network of data storage devices, some of which
are contained within the central stations and others ex-
isting separately in network 30. In any event, it will be
appreciated that database system 40 may be any of the
various database systems or structures such as are
known to those of skill in the art.

[0027] As discussed above, central stations 24 are
configured to communicate with a plurality of patient
monitors via physical data transport structure 32. Com-
munications between the central stations and patient
monitors may be via wire (i.e., transmitted over a physical
line adapted to convey electrical or optical signals), or
may be wireless communications. Considering first the
wire communications, one or more patient monitors 22
may be connected to physical data transport structure
32 either directly (e.g., through an Ethernet connection),
orindirectly through aterminal server 42 or similar device.
Terminal server 42 includes a plurality of ports adapted
to receive connections from the patient monitors. In ad-
dition, the terminal server is also connected to physical
data transport structure 32. The terminal server is con-
figured to receive communications from the patient mon-
itors and forward the communications to the appropriate
central station via physical data transport structure 32.
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Similarly, the terminal server also is configured to receive
communications from the central stations via physical
data transport structure 32 and convey the communica-
tions to the appropriate patient monitor. Terminal server
42 may be any of a variety of terminal servers such as
are known to those of skill in the art. Any known wire or
wireless communication technologies may be used to
perform the functions described above.

[0028] In TCP/IP based networks, communications
between central stations and patient monitors are direct-
ed to the appropriate component using network address-
es such as IP addresses as well as hardware addresses.
Typically, each central station is assigned a unique IP
address and all communications to and from a particular
central station will include the particular station’s IP ad-
dress. Similarly, all patient monitors which are directly
connected to physical data transport structure 32 are as-
signed a unique IP address. In contrast, patient monitors
which are connected to physical data transport structure
32 through a terminal server typically do not have a
unique IP address. Instead, the terminal server has an
IP address with which to communicate with the other
components connected to physical data transport struc-
ture 32. Communications from a patient monitor are
transmitted to the terminal server with the IP address of
the destination component (e.g., a central station). The
terminal server appends its own IP address to each com-
munication and then forwards the communication to the
appropriate component. Similarly, communications to a
patient monitor are transmitted with the terminal server’s
address as the destination address. Upon receipt, the
terminal server forwards the communications to the ap-
propriate patient monitor.

[0029] As shown in Fig. 2, network 30 also includes
one or more wireless transceivers 26, which are herein-
after referred to as access points 26. Each access point
is connected to physical data transport structure 32 and
configured to communicate with the other components
connected to physical data transport structure 32. Each
access pointincludes the software necessary to commu-
nicate via physical data transport structure 32 using the
selected communications protocols of network 30 (e.g.,
TCP/IP, UDP, etc.). In the exemplary embodiment, each
access point has a unique IP address that may be per-
manently coded into the access point, or may be as-
signed by a server such as described below. The access
points also are configured to communicate, via wireless
transmissions, with components which are not directly
connected to physical data transport structure 32. Each
access point includes a wireless receiver to receive wire-
less communications, and a wireless transmitter to trans-
mit wireless communications.

[0030] It will be appreciated that access points 26 may
be configured to communicate using any of a variety of
different wireless transmission technologies depending
on the application, environment, governmental regula-
tions, etc. In the exemplary implementation, the access
points are configured to communicate with the patient
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monitors (described in more detail below) as well as other
devices under the IEEE 802.11 standard using Frequen-
cy Hopping Spread Spectrum (FHSS) technology in the
2.4 GHz ISM (Industrial, Scientific, and Medical) band.
The IEEE 802.11 communications standard is well
known to those of skill in the art. Access points 26 es-
sentially act as network bridges between the wireless
components of network 30 and wired network physical
data transport structure 32. Other wireless transmission,
or communication, technologies known to those skilled
in the art may be used including IEEE 802.11a, IEEE
802.11b, and IEEE 802.15.

[0031] Exemplary access points 26 may be any wire-
less transceivers adapted to communicate using the
IEEE 802.11 FHSS technology. One example of a suit-
able access point is the SPECTRUM24 AP 3021 avail-
able from Symbol Technologies of Holtsville, New York.
In other implementations and embodiments, access
points 26 may be selected which are configured to com-
municate using other technologies. In any event, the ac-
cess points usually are configured to simultaneously
communicate with a plurality of patient monitors and/or
other wireless devices. For example, the AP 3021 access
points are adapted to simultaneously communicate with
up to approximately 15 patient monitors.

[0032] Each access point typically has a range within
which it can communicate with wireless devices. The
range will vary depending on the power of the wireless
transmitter, environmental conditions, etc. Typically, the
access points are arranged within the hospital so that at
least one access point is able to communicate with a
patient monitor at any point within a defined region of the
hospital. For example, if it is desired that wireless patient
monitors be used on a particular floor of the hospital, then
sufficient access points are provided and positioned so
that every location on the particular floor is within the
range of one or more access points. This ensures that a
patient associated with a patient monitor can move about
the hospital floor without loss of central monitoring. It will
be understood that the access points may be arranged
to provide wireless coverage within a defined region that
is less than an entire floor of the hospital. Alternatively,
the access points may be arranged to provide coverage
for regions that span multiple floors (whether or not ad-
jacent) and/or multiple buildings.

[0033] As will be discussed in more detail below, pa-
tient monitors and other wireless devices communicate
over physical data transport structure 32 by first associ-
ating with an access point. Once a patient monitor has
associated with a particular access point, communica-
tions between the patient monitor and components on
physical data transport structure 32 are conveyed by the
particular access point. However, as the patient monitor
moves out of range of the particular access point and
into the range of another access point, the patient monitor
associates with the other access point and subsequent
communications between the patient monitor and com-
ponents on physical data transport structure 32 are con-
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veyed by the other access point.

[0034] Use of FHSS technology allows access points
to be positioned so that the ranges of the access points
overlap. Such an arrangement provides for geographic
redundancy in the event an access point fails. In addition,
overlapping the access point ranges increases the mon-
itoring capacity within the defined region or selected por-
tions of the defined region. The access points typically
are configured to communicate with one another to min-
imize or prevent interference. The access points may al-
so be configured to manage and balance the communi-
cation loads experienced by each access point. In addi-
tion, one or more of the central stations may be config-
ured to control the access points to balance communi-
cation loads.

[0035] It will be appreciated that in many implementa-
tions the communication of patient information by wire-
less transmission mustbe secure and confidential. These
security needs may be met in any of a variety of ways
known to those of skill in the art. For example, the 802.11
standard provides WEP (Wired Equivalent Privacy)
which encrypts the wireless transmissions. In addition,
some implementations may utilize additional security
measures such as end-to-end data encryption, etc.
[0036] Inthe exemplary embodiment, network 30 also
includes a router 44 or similar device connected to phys-
ical data transport structure 32 between a first portion 46
and a second portion 48 of physical data transport struc-
ture 32. Components connected to the first portion are
assigned IP addresses corresponding to a first subnet,
while components connected to the second portion are
assigned IP addresses corresponding to a second sub-
net. First portion 46 is connected to central stations 24,
database system 40, terminal server 42 and the other
components of network 30 which are configured for wired
communications via physical data transport structure 32.
Second portion 48 is connected to access points 26.
Thus, first portion 46 may be seen as a wired portion of
network 30, while second portion 48 may be seen as a
wireless portion of network 30. Use of router 44 between
wired portion 46 and wireless portion 48 allows the wire-
less portion of the network to be isolated from the com-
munication traffic on the wired portion of the network.
Communications between patient monitors and central
stations are passed by router 44 from wired portion 46
to wireless portion 48 and vice versa. However, commu-
nications between central stations and/or other compo-
nents connected to wired portion 46 are not passed to
wireless portion 48. Alternatively, wired portion 46 and
wireless portion 48 may be directly connected to the
same subnet, eliminating the need for a router.

[0037] Inthe exemplary embodiment, network 30 also
includes at least one server system 50 connected to the
wireless portion of the network. As will be discussed in
more detail below, server system 50 is adapted to assign
IP addresses to the patient monitors once the patient
monitors associate with an access point. Server system
50 may be configured to assign IP addresses according
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to any suitable protocol such as the Dynamic Host Con-
figuration Protocol (DHCP), the Bootstrap Protocol
(BOOTP), etc. It will be appreciated that server system
50 is connected on the wireless portion of physical data
transport structure 32 relative to router 44 to ensure that
requests for IP addresses from the patient monitors are
received at server system 50. Alternatively, router 44 may
be configured to convey the requests for IP addresses
between the wireless and wired portions, in which case
server system 50 may be connected on the wired portion
of the network.

[0038] Server system 50 may be a separate computer
system adapted to manage and assign IP addresses on-
ly, or it may be configured to perform other functions in-
cluding network management, etc. In alternative embod-
iments, one of central stations 24 is configured to perform
the functions of server system 50, thereby alleviating the
need for a separate server system 50. In such embodi-
ments, the central station which is configured to assign
IP addresses in the alternative embodiment should be
connected to the wireless portion of network 30 unless
router 44 is adapted to pass requests for an IP address
to the wired portion of the network.

[0039] Network 30 may also include one or more wire-
less communication devices referred to herein as clini-
cian terminals 52. The wireless clinician terminals may
take any one of a variety of different forms including Per-
sonal Digital Assistants (PDA’s), Internet Protocol (IP)
telephones, portable computers, etc. Clinician terminals
52include wireless transceivers (e.g., RF network cards)
that are configured to associate with access points 26.
The clinician terminals also include suitable software ex-
ecutable by the terminals to communicate with the central
stations via access points 26. The clinician terminals may
also be configured to perform a variety of functions such
as receiving and displaying patient vital signs data from
the central station, transmitting control instructions to the
central station to control a selected aspect of the central
station, transmitting control instructions to the central sta-
tion for forwarding to a patient monitor to control selected
aspects of the patient monitor, sending and receiving tex-
tual messages, receiving and acknowledging alarm sig-
nals, etc. In the exemplary embodiment, clinician termi-
nals 52 are configured to function as quasi-central sta-
tions, by displaying patient vital signs data and providing
a user-interface operable by the clinician to control the
patient monitor.

[0040] Clinician terminals 52 enable physicians, nurs-
es and others to obtain information concerning a patient
from any location within the defined region of network
30, rather than only at the patient’s location or at a central
station. Thus, for example, a clinician several floors away
from a patient can receive a notification of an alarm at
the patient monitor associated with the patient. Further,
the clinician can evaluate the patient’s condition from the
vital signs data without going to the patient’s location.
The clinician may then take appropriate action depending
on the patient’s condition. It will be appreciated that cli-
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nician terminals 52 enable clinicians to work more effi-
ciently and effectively, and to care for a larger number of
patients than would otherwise be possible. Furthermore,
while the clinician terminals may include paging func-
tions, the clinician terminals provide substantially more
information to the clinicians than pagers.

[0041] Exemplary telemetry network 30 also is con-
nected to the main computer network 54 of the hospital,
referred to hereinafter as the secondary or non-telemetry
network. Secondary network 54 typically includes a plu-
rality of computer terminals 56, database systems 58,
etc. The secondary network interconnects the hospital’s
administrative computers and other non-telemetry com-
ponents. Typically, secondary network 54 is connected
to telemetry network 30 through router 44. This isolates
the telemetry network from non-telemetry communica-
tion traffic, while allowing devices connected to the non-
telemetry network to access patient vital signs data. Sim-
ilarly, users of central stations 24 are able to access in-
formation on the secondary network as needed. In some
implementations it may be desirable to provide security
measures to ensure that only authorized users of sec-
ondary network 54 are able to access telemetry network
30. Any of a variety of suitable security measures may
be employed as are known to those of skill in the art.
[0042] Network 30 may also be connected to a com-
munications network external to the hospital such as an
extranet, virtual private network, Wide Area Network
(WAN), etc. In the exemplary implementation, network
30 is connected to the Internet 60. Typically, network 30
is connected to the Internet via a firewall 62 or other suit-
able security device to restrict access to patient data and
other confidential information.

[0043] AsshowninFig.4,the telemetry network of one
hospital 64 may be connected to the telemetry network
and/or the secondary network of one or more other hos-
pitals 66 in remote locations. The telemetry network may
be connected to the remote hospitals via Internet 60 or
via a direct, non-public network 68 such as is known to
those of skill in the art. Central stations 24 of hospital 64
may be configured to transmit patient information includ-
ing vital signs data to central stations or other computers
in remote hospital 66. Similarly, the central stations of
hospital 64 may be configured to request and receive
patient information including vital signs data from remote
hospitals 66. It will be appreciated that communication
of patient information between remote hospitals allows
clinicians to participate in consultations with their remote
colleagues more effectively and efficiently.

[0044] Inthe implementation described above, access
points 26 were arranged within the hospital to provide
wireless monitoring in a defined region of the hospital. In
alternative implementations, the defined region may ex-
tend outside the hospital. For example, system 20 may
include one or more access points 26 which are posi-
tioned outside of the hospital, as shown in Fig. 4. The
access points are connected to Internet 60 and config-
ured to transmit the patient vital signs data to network 30
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and one or more central stations 24. This allows patients
to move outside of the hospital without loss or continuous
central monitoring. So long as the patient remains within
the range of at least one access point, the patient’s vital
signs data may be displayed on a central station as if the
patient was still in the hospital. Similarly, emergency re-
sponse workers could connect a patient monitor to an
accident victim so that the hospital can monitor the vic-
tim’s condition while the victim is transported to the hos-
pital.

[0045] It will be appreciated that placement of access
points outside of the hospital also allows clinicians to ac-
cess patient data when outside the hospital. As shown
in Fig. 4, one or more clinician terminals 52 may associate
with the external access points to view patient information
and control the patient monitor connected to a patient.
This provides clinicians with more flexibility to leave the
hospital while continuing to monitor their patients at the
hospital (or patients outside the hospital). Alternatively,
clinicians may monitor patients using personal comput-
ers 70 or similar devices configured to connect to Internet
60 and communicate with central stations at the hospital.
Computers 70 may be located anywhere a connection is
available that provides a communication channel using
any communication technology. For example, computers
70 may be located anywhere a connection to the Internet
is available. Alternatively, computers 70 may be config-
ured to associate with an external access point and com-
municate via wireless transmissions.

[0046] Asdiscussed above, the defined region of mon-
itoring will extend outside the hospital wherever access
points 26 are positioned. In areas where the external net-
work of access points is undeveloped, patient monitors
22 and/or clinician terminals 52 may be configured to
communicate using other wireless communication tech-
nologies. For example, the implementation depicted in
Fig. 4 includes a Cellular Digital Packet Data (CDPD)
network 72, such as is currently used for cellular tele-
phone and other communications. Patient monitors 22
and/or clinician terminals 52 may be configured to com-
municate with central stations in hospital 64 via CDPD
network 72. Thus, for example, a patient might be dis-
charged to go home while continuing to be monitored. It
will be appreciated that this alleviates the need to have
new wireless networks installed throughout a geographic
region, since the components of system 20 are config-
ured to communicate using preexisting networks. An al-
ternate implementation (undepicted) would be to use
what is known as a Global System Mobile (GSM), or any
other available wide-reaching communication system.
[0047] Considering patient monitors 22 in more detail,
it will be appreciated that there are a variety of different
patient monitors available and suitable for use with sys-
tem 20. System 20 may include one or more patient mon-
itors of a single type, or may include multiple types of
patient monitors, each configured to communicate with
one or more central stations. For example, the exemplary
embodiment of system 20 depicted in Figs. 1 and 2 in-
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cludes a first type of patient monitor 22a adapted to be
carried or worn by a patient, and a second type of patient
monitor 22b adapted to be mounted on a bed, wheelchair,
etc, as well as being carried. Patient monitors 22a and
22b may be configured to perform the same monitoring
functions or may be configured to perform different mon-
itoring functions. In any event, each type of patient mon-
itor 22 is configured to collect vital signs data from a pa-
tient and communicate at least a portion of the vital signs
data to a central station via physical data transport struc-
ture 32. Suitable patient monitors are available from sev-
eral manufacturers, including the MICROPAQ and PRO-
PAQ patient monitors available from Welch Allyn Proto-
col, Inc. of Beaverton, Oregon.

[0048] Turning attention now to Fig. 5, exemplary pa-
tient monitor 22a is shown in more detail. The monitor
includes a portable housing 80 having one or more sen-
sor input ports 82. The housing is sized to be held by a
clinician or patient, or to be worn by the patient using a
strap, belt, or similar device. Sensor input ports 82 are
adapted to receive and connect to sensor cables 83.
Each cable 83 is attached to one or more sensor assem-
blies (not shown). The sensor assemblies may include
any vital signs sensor assembly adapted to detect and/or
measure selected vital signs data from a patient and
transmit the vital signs data via cables 83. Examples, of
suitable sensor assemblies include electrocardiogram
(ECG) sensor assemblies, non-invasive blood pressure
sensor assemblies, invasive blood pressure sensor as-
semblies, temperature sensor assemblies, pulse oxime-
try sensor assemblies, respiration sensor assemblies,
carbon dioxide sensor assemblies, etc. Suitable sensor
assemblies are available from Welch Allyn Protocol, Inc.
of Beaverton, Oregon. In any event, each sensor input
port is adapted to receive patient vital signs data from
the sensor assembly attached thereto.

[0049] Patient monitor 22a also includes a display de-
vice such as display screen 84 adapted to display the
vital signs data or an image representative of the vital
signs data. Exemplary display screen 84 is in the form
of a liquid crystal display (LCD) device. Alternatively or
additionally to display screen 84, patient monitor 22a may
include any other suitable display device such as a print-
er, one or more indicator lights, light-emitting diodes, etc.
The patient monitor also includes one or more input de-
vices such as buttons 86 disposed on housing 80. But-
tons 86 are operable by a user to input information into
patient monitor 22a, as will be discussed in more detail
below. In addition to, or in place of buttons 86, the patient
monitor may include other types of input devices includ-
ing switches, knobs, etc. As a further alternative, display
screen 84 may be a touch-screen adapted to input infor-
mation in response to contact by the user at selected
locations on the screen. While the exemplary embodi-
ment will be described below as having input devices in
the form of buttons, it will be understood that any type of
input device may be used.

[0050] Exemplary patient monitor 22a further includes
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a battery assembly 88 having one or more batteries. Bat-
tery assembly 88 is mountable in a battery compartment
within housing 80. The batteries typically are recharge-
able, however non-rechargeable batteries may also be
used. Although not shown in Fig. 5, patient monitor 22a
also includes a controller, a memory device, and an on-
board wireless transceiver, all operably disposed within
portable housing 80. An internal antenna 90 is mounted
within the housing and coupled to the wireless transceiv-
er. Alternatively, antenna 90 may be disposed externally
to housing 80. An audio input/output device 92, (e.g.,
speaker, microphone, buzzer, siren, etc.) is also dis-
posed within the housing and adapted to produce an au-
dible notification to a clinician, patient, or other user of
the monitor. An alternative to the input/output device
would be a bi-directional audio device.

[0051] As shown in Fig. 6, exemplary patient monitor
22b includes a portable housing 94 adapted to attach to
a bed, wheelchair or other support structure. Housing 94
includes one or more sensor input ports 82 adapted to
connect to sensor cables 83 and receive vital signs data
from one or more sensor assemblies (not shown). Similar
to patient monitor 22a, patient monitor 22b includes a
display device such as display screen 84 and one or more
input devices such as buttons 86. Although not shown in
Fig. 6, patient monitor 22b also includes a battery as-
sembly 88, an antenna 90, and an audio output device
92. As will be described in more detail below, patient
monitor 22b also includes a controller, a memory device
and an on-board wireless transceiver, all operably dis-
posed in housing 94.

[0052] Unlike patient monitor 22a, patient monitor 22b
includes an output port 96 adapted to receive a hard-
wired network connection cable 98 such as an Ethernet,
RS-232, modem line, or similar network communications
cable for connection to physical data transport structure
32 or terminal server 42. Thus, patient monitor 22b is
configured to communicate with central stations 24 using
either wireless communications via its on-board wireless
transceiver, or wire communications via output port 96.
As will be discussed in more detail below, patient monitor
22b may be configured to automatically switch between
wire and wireless communications in various situations.
[0053] As mentioned above, each patient monitor 22
includes a controller disposed within the portable hous-
ing. It will be appreciated that any of a variety of different
computer controllers, micro-controllers, or processors,
such as are known to those of skill in the art, may be
used. The controller, indicated at 100 in Fig. 7, is operably
coupled to receive power from battery assembly 88. The
controller may also be configured to receive power from
other sources (e.g., AC line current through a wall socket,
DC current through photovoltaic cells, etc.).

[0054] Controller 100 is also connected to memory de-
vice 102. It will be appreciated that memory device 102
may be any one or a combination of devices adapted to
store electronic information such as RAM, ROM, PROM,
EPROM, etc. Memory device 102 may also include re-
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movable storage media such as magnetic discs and
tapes, optical discs, etc. In addition to storing patient vital
signs data, memory device 102 may be configured to
store one or more software control programs executable
by controller 100 to performits various functions including
receiving and analyzing vital signs data, presenting in-
formation to a user, etc. In addition, the software will in-
clude the necessary programs for communicating with
central stations 24 (e.g., TCP/IP, DHCP, etc.) While
memory device 102 has been depicted as a single device,
those of skill in the art will appreciate that memory device
102 may be a plurality of either similar or different memory
devices.

[0055] Controller 100 is also coupled to sensor ports
82 and configured to receive vital signs data from the
sensor assemblies via the sensor ports. In addition, con-
troller 100 may be configured to supply power and/or
suitable drive signals onto one or more of the sensor
portstodrive the sensorassemblies attached to the ports.
In any event, vital signs data received at controller 100
may be stored in memory device 102, processed, dis-
carded, and/or communicated immediately to a central
station.

[0056] The controller is connected to control wireless
transceiver 104 and communicate with central stations
24 via the transceiver. Wireless transceiver 104 may be
any of a variety of wireless transceivers which are known
to those of skill in the art. One example of a suitable
wireless transceiver is the SPECTRUMZ24 LA 3021 PC
card, available from Symbol Technologies of Holtsville,
New York. Alternatively, other wireless transceivers may
be used. In any event, wireless transceiver 104 is con-
figured to communicate with access points 26 using the
appropriate communications protocol of network 30. The
wireless transceiver is connected to antenna 90 and
transmits data received from controller 100 to access
points 26. Similarly, the wireless transceiver receives
transmissions from one or more access points and for-
wards the communications to the controller. The wireless
communications between patient monitor 22 and the cen-
tral stations will be discussed in more detail below.
[0057] In the case of patient monitor 22b, controller
100 is also connected to output port 96 and configured
to communicate with central stations 24 via the output
port rather than via wireless transceiver 104. Controller
100 may also include a network card or similar device
(not shown) adapted to transmit and receive communi-
cations via output port 96. For clarity, the description be-
low assumes that patient monitor 22 communicates with
central stations 24 via wireless transceiver 104. Howev-
er, it will be understood that, unless stated otherwise,
and for purposes of this description, communications via
output port 96 are viewed as identical to communications
via the wireless transceiver, and therefore both types of
communications are included within the description. A
distinction between wireless and hard-wired communi-
cation is that patient location (room) is known with hard-
wired communication (via the network jack to which the
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monitor is connected) and not known with wireless com-
munication. However, for purposes of this description,
that distinction is not seen as pertinent and that is why
communications via output port 96 are viewed as identi-
cal to communications via the wireless transceiver.
[0058] Controller 100 is also connected to receive in-
puts from buttons 86. The buttons are operable by a user
of the patient monitor to input information to the controller,
as well as to control the controller. Each button may have
a single function or may have a variety of functions de-
pending on such factors as the operating condition of the
controller, status of the sensor assemblies, communica-
tions with a central station, screen displays, etc. In the
exemplary embodiment, controller 100 is configured to
control the function of buttons 86 and to disable the but-
tons under defmed conditions.

[0059] Controller 100 is configured to control display
screen 84 to display animage representing the vital signs
data. It will be appreciated that the image displayed on
display screen 84 will vary depending on the vital signs
data collected by the patient monitor. Additionally, exem-
plary controller 100 is configured to change the display
based on instructions received from the user via buttons
86. For example, the user might select between display-
ing a single ECG signal from a single electrode, or mul-
tiple ECG signals from multiple electrodes. Fig. 8 shows
an exemplary display screen 84 on which vital signs data
is being displayed. A waveform region 106 of the display
shows an image representing the signal data received
from an ECG sensor assembly. A numeric region 108 of
the display shows images that provide numerical repre-
sentations of the vital signs data (e.g., heart rate, oxygen
saturation in the patient’s blood, etc.). The display may
also include a patient identifier 110 that uniquely identi-
fies the patient, such as the patient’'s name, etc. Fig. 9
shows another exemplary display screen 84 similar to
the one in Fig. 8. However, the display screen shown in
Fig. 9 has been changed to include a message region
112 for displaying messages to a user. Similarly, Fig. 10
shows another exemplary display screen 84 in which the
image has been changed to include a user-interface re-
gion 114. The user-interface region allows a user to enter
information and control the patient monitor by operating
buttons 86. Control of the display screen will be described
in further detail below.

[0060] Controller 100 is also connected to control au-
dio output device 92 and/or other audible indicator de-
vices to produce audible messages or signals. The con-
troller may be configured to control the audio output de-
vice to produce audible signals under any one or more
of a variety of conditions. For example, controller 100 is
typically configured to analyze at least some of the vital
signs data and produce an audible alarm if the vital signs
data is outside a selected nominal range. The analysis
of vital signs data and detection of alarm conditions will
be described in further detail below.

[0061] While one exemplary functional embodiment of
patient monitors 22 has been depicted in Fig. 7 and de-
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scribed above, it will be appreciated that many other con-
figurations are possible. Thus, the invention is not limited
to the exemplary embodiment described, but includes
any patient monitor configuration adapted to collect vital
signs data from a patient and communicate the vital signs
data to one or more central stations.

[0062] Typically, patient monitors 22 are configured to
function as stand-alone devices capable of providing lo-
cal patient monitoring regardless of whether the patient
monitor is in communication with a central station. The
patient monitor may be configured to begin monitoring
immediately upon power-up and attachment of at least
one sensor assembly. Alternatively, the patient monitor
may be configured to begin monitoring upon receipt of
an actuation signal.

[0063] Patient monitors 22 are also configured to at-
tempt to establish communications with one or more cen-
tral stations and communicate the vital signs data to the
central stations. In the exemplary embodiment, the pa-
tient monitors are configured to attempt to establish com-
munications immediately at power-up and to continue
the attempt until communications are established. Alter-
natively, one or more of the patient monitors may be con-
figured to attempt to establish communications only in
response to an instruction by a user and/or the occur-
rence of selected conditions. Those of skill in the art will
appreciate that the process of establishing communica-
tions with one or more central stations, also referred to
herein as the rendezvous process, may be carried out in
any of a variety of different ways. In addition, the rendez-
vous process may vary depending on whether the patient
monitor is communicating through wireless or wire com-
munications, as well as on whether the patient monitor
is establishing a new communications connection or re-
establishing prior communications which were lost or ter-
minated.

[0064] The rendezvous process of the exemplary em-
bodimentis schematically illustrated in Fig. 11. The proc-
ess begins with establishing a connection to physical da-
ta transport structure 32 by any one of several methods.
Where patient monitor 22 is configured to communicate
using only wireless communications, the patient monitor
establishes a connection to physical data transport struc-
ture 32 by associating with an access point, as indicated
at 200. It will be appreciated that the process of associ-
ating with an access point may vary with varying config-
urations of the access point and/or varying configurations
of the patient monitor. In the exemplary embodiment,
wireless transceiver 104 associates with a patient mon-
itor according to the IEEE 802.11 standard, and the de-
tails of that standard are known to those skilled in the art.
Certain features of the exemplary embodiment include
that (i) the patient monitors can be used in any telemetry
network described herein (such as the 802.11-standard
telemetry network) without user-adjustment of the com-
munications frequency, and (ii) the patient monitors au-
tomatically scan for access points and detect access-
point configuration and synchronization information.
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[0065] Inaddition, the wireless transceiver determines
which access points are within range of the patient mon-
itor, and the current communications load on the in-range
access points. Using this information, the patient monitor
selects one of the in-range access points with which to
communicate, and begins the authentication process
which is followed by the association process. Once the
authentication and association processes are complete,
the connection between the patient monitor and physical
data transport structure 32 is established.

[0066] In the exemplary embodiment where commu-
nications over network 30 conform to the IP protocol,
each device must have an associated IP address with
which to send and receive communications. In some em-
bodiments, patient monitor 22 may have a permanently
assigned IP address stored in memory device 102. Al-
ternatively, patient monitor 22 may not have an assigned
IP address, and instead may be configured to request an
IP address upon establishing a connection with physical
data transport structure 32, as indicated at 202 and 204.
Typically, patient monitor 22 requests an IP address by
transmitting a broadcast request to server 50 using the
appropriate protocol (e.g., DHCP, BOOTP, etc.). The re-
quest is answered by server 50, which responds by as-
signing the patient monitor an IP address from a store of
available IP addresses, and then transmitting a notifica-
tion of the assignment to the patient monitor. Alternative-
ly, server 50 may store a pre-assigned IP address for
each device, and respond with the corresponding pre-
assigned IP address. Upon receiving the assigned IP ad-
dress, the patient monitor is prepared to broadcast a re-
quest for communications to one or more central stations,
as will be described in more detail below.

[0067] Where patient monitor 22 is adapted to com-
municate using either wireless or wire communications,
the process for establishing a connection to physical data
transport structure 32 will vary depending on whether a
wireless or wire connection is established. In the former
case, the process may occur as described above, i.e.,
first associating with an access point, and then request-
ing an IP address if necessary. Alternatively, if a wire
connection is to be established, the patient monitor may
be physically connected to a terminal server whichis con-
nected to the network, as indicated at 206. It will be ap-
preciated that the connection indicated at 206 may alter-
natively take other forms, such as a modem connection
to a modem server, etc. In any case, once the connection
is established and any necessary hand-shaking between
the patient monitor and the terminal server is completed,
the patient monitor is prepared to broadcast a request
for communications to one or more central stations. Pa-
tient monitor 22 will communicate using the IP address
of the server, and therefore is not required to have its
own |IP address.

[0068] As afurtheralternative, the patient monitor may
be directly connected to a hard-wired connection on
physical data transport structure 32 with an Ethernet or
similar connection technology, as indicated at 208. As
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with a patient monitor that is connected to communicate
using wireless communications, a patient monitor directly
connected to physical data transport structure 32 may
have a permanently assigned IP address, or may request
the assignment of an IP address once the physical con-
nection is established. In any event, in the hard-wired
implementation, the terminal server is then prepared to
initiate a request for communications to one or more cen-
tral stations.

[0069] Regardless of how a patient monitor establish-
es a connection with physical data transport structure 32,
the patient monitor must then establish communications
with a central station by broadcasting a request for com-
munications to the central station, as indicated at 210. It
will be appreciated by those of skill in the art that a patient
monitor may broadcast a request for communications in
any of a variety of ways. In the exemplary embodiment,
the patient monitor transmits the request as a UDP broad-
cast to all central stations. Alternatively, other communi-
cation protocols may be used.

[0070] The UDP communications request may include
a variety of parameters adapted to inform the central sta-
tion about the patient monitor. For example, communi-
cations requests typically include such information as the
identity, type, and/or capabilities of the patient monitor,
the IP and MAC (Media Access Control) addresses of
the patient monitor, the version of software installed on
the patient monitor, etc. The request may also include
an indicator of the type of communications desired. For
example, the patient monitor may request communica-
tions to establish central monitoring of a patient, down-
load newer versions of the patient monitoring software
(discussed in more detail below), or perform network
maintenance, etc. This information allows the central sta-
tion to determine how to respond to the request. Unless
stated otherwise, the description below will assume that
the patient monitor's communications request is for the
purposes of establishing centralized monitoring of a pa-
tient.

[0071] Inthe exemplary embodiment, the communica-
tions request is passed to, and received by, all central
stations of network 30, as indicated at 212. Any routers
or other network devices connected to physical data
transport structure 32 are configured to pass on the re-
quest to the central stations as necessary. Alternatively,
the request may be conveyed to fewer than all of the
central stations, or to a single central station. Each central
station is configured to respond to the communications
request when received. Upon receiving the first response
the patient monitor transmits an acknowledgement to the
central station that sent the first response. The patient
monitor is configured to reject subsequent responses by
transmitting a "reject" message to any central station that
sends a subsequent response. The central stations are
configured to cease sending responses to the commu-
nications request after receiving a "reject" message, un-
less a new request for communications is received.
[0072] Insome embodiments, the central stations may
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be configured to ensure that a preferred central station
responds to the communications request. For example,
the central stations may be configured to recognize a
patient monitor that has communicated with network 30
in the past (e.g., based upon information transmitted in
the communications request), and to allow the particular
central station that was previously in communication with
the patient monitor to respond first. Thus, in the exem-
plary embodiment the central stations are configured to
determine if a communications request was sent by a
patient monitor which was previously in communication
with a particular central station within a predefined time
period. If so, the particular central station is configured
to respond to the request immediately, while the remain-
ing central stations will wait for a relatively short period
of time (e.g., 10, 15, 20, 25, or 30 seconds, etc.) before
responding. This priority is based on the assumption that
the patient monitor is likely still connected to the same
patient as during the previous communications, and that
the patient is likely to be monitored at the same central
station as during the previous communications. In any
event, once the patient monitor receives a first response
to its communications request, the patient monitor and
the central station which sent the first response (herein-
after referred to as the "provisional central station") begin
communicating to configure the centralized monitoring
session, as indicated at 214.

[0073] As will be described in more detail below, the
particular central station which serves as the provisional
central station begins the process of configuring the mon-
itoring session. However, before the centralized monitor-
ing begins, one of the central stations of network 30 is
selected to complete the configuration process and per-
form the central monitoring. This selected central station
is referred to herein as the "primary central station." If the
provisional central station is selected to be the primary
central station, then no change in communications is
needed, and the provisional central station assumes the
role of the primary central station. Conversely, if a differ-
ent central station is selected to be the primary central
station, communications with the patient monitor are
transferred from the provisional central station to the se-
lected central station, which then assumes the role of
primary central station.

[0074] As is known to those of skill in the art, wireless
communications which have been established between
a patient monitor and a primary central station may be
lost or "dropped" for any of a variety of reasons. For ex-
ample, the wireless transmissions may not be received
by the access point and/or the wireless transceiver of the
patient monitor because the patient monitor is moved out
of the defined range of network 30 (i.e., out of range of
any access point). Similarly, the transmissions may have
been blocked by structures between the patient monitor
and the access point, such as when the patient monitor
is taken into an elevator or similar enclosure. Alternative-
ly, a portion or device of network 30 may have failed,
causing the communications to be dropped. As a further
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alternative, the battery in the patient monitor may have
been replaced or discharged, causing the patient monitor
to lose communications.

[0075] The response by patient monitor 22 and central
stations 24 to communications dropouts may vary de-
pending on the length and/or cause of the dropout. In the
exemplary embodiment for example, a relatively brief
dropout (e.g., less than approximately 10, 20, or 30 sec-
onds, etc.), is treated as an interruption rather than as
an actual loss of communications. Lost or incomplete
transmissions due to such interruptions may be resent,
discarded, or ignored according to the communications
protocols used by the patient monitor and central sta-
tions. Once the interruption ends, the patient monitor and
primary central station resume communicating as before.
[0076] In the event of a loss of communications that
extends beyond a brief interruption, exemplary patient
monitor 22 is configured to detect the loss and automat-
ically attempt to restore the communications. If the pa-
tient monitoris no longer associated with an access point,
the patient monitor attempts to establish an association
as described in the 802.11 standard, and continues to
attempt to establish an association until association with
an access point is regained. Once the patient monitor re-
associates with an access point (or if the patient monitor
never lost the association), the patient monitor broad-
casts a request for communications to the central sta-
tions, and the rendezvous process proceeds as de-
scribed above. Once the patient monitor is in communi-
cation with a provisional central station, the patient mon-
itor and provisional central station begin the process of
configuring the monitoring session, as indicated at 214.
[0077] It will be appreciated that the session configu-
ration process may proceed in any of a variety of different
ways to configure a variety of different monitoring param-
eters. For example, the configuration process may iden-
tify which patientis being monitored, which central station
will monitor the patient, which central station will control
the patient monitor, what types of vital signs data should
be monitored, how the vital signs data should be ana-
lyzed, what alarm conditions should be detected, how
the patient monitor should function, etc. An exemplary
session configuration process is indicated generally at
216 in Fig. 12. During process 216 a primary central sta-
tion is selected, the monitored patient is identified, and
the patient’s room or other location is specified.

[0078] Referring to Fig. 12, the provisional central sta-
tion first determines whether the patient monitor is still
connected to the same patient as before the communi-
cations dropout. If such is the case, then the provisional
central station assumes that the patient monitor is at-
tempting to restore communications which were lost, and
prior values for patient identity, etc., may be used. Alter-
natively, if the request is to establish new communica-
tions, then the central station determines the information
needed to complete the configuration by querying a user
of the patient monitor, as will be described in more detail
below.
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[0079] The provisional central station may be config-
ured to employ a variety of different methods or mecha-
nisms to determine whether the patient monitor is still
connected to the same patient. In the exemplary embod-
iment for example, the provisional central station first
sends a request to the patient monitor for an indication
of whether the patient monitor was continuously moni-
toring the patient during the period the communications
were lost, as indicated at 218. If the patient monitor re-
sponds affirmatively, then the patient currently being
monitored is necessarily the same patient that was pre-
viously monitored.

[0080] Patient monitor 22 is configured to receive the
request and detect whether it continuously monitored the
same patient during the communication dropout. Typi-
cally, the patient monitor is configured to detect contin-
uous monitoring by detecting whether the patient monitor
was operational during the communications dropout, and
whether vital signs data was continuously received via
at least one of the sensor assemblies. For example, one
exemplary ECG sensor assembly connectable to a pa-
tientis adapted to continuously send ECG vital signs data
to patient monitor controller 100. If the patient monitor is
disconnected from the patient during the dropout, the
ECG signal will lapse. Any lapse in the ECG vital signs
data is detected by the controller. Alternatively, the ECG
sensor assembly, or other types of sensor assembilies,
may be configured to detect actual contact with the pa-
tient. In any event, the patient monitor responds to the
request by informing the provisional central station of
whether the patient monitor has continuously monitored
the same patient. It should be noted that the patient mon-
itor may be monitoring the patient through sensor assem-
blies that do not continuously send vital signs data to the
controller, and that do not detect contact with the patient.
In which case, the patient monitor will be unable to con-
firm that it has continuously monitored the same patient,
and will respond to the request from the central station
accordingly.

[0081] If, atstep 218, the patient monitor responds that
it has continuously monitored the same patient, the pro-
visional central station proceeds to perform a reconnect
process, as indicated at 220 and as described below.
Alternatively, if the patient monitor responds that it has
not continuously monitored the same patient, the provi-
sional central station then determines whether the patient
monitor was recently connected to network 30, as indi-
cated at 222. In other words, if the time period during
which communications between the patient monitor and
the primary central station were lost is less than a pre-
determined length of time, then the provisional central
station concludes that the patient monitor is attempting
to restore a recent connection, and proceeds to perform
reconnect process 220. Otherwise, the provisional mon-
itor concludes that the patient monitor is attempting to
establish a new communications session. It should be
noted that if the patient monitor was continuously moni-
toring the same patient during the communications drop-
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out, then the provisional central station may safely as-
sume the patient monitor is still connected to the same
patient regardless of the length of the dropout.

[0082] The predetermined length of time that defines
a recent connection may be set to any desired length of
time as appropriate for a particular application. In the
exemplary embodiment, the predetermined length of
time is selected to be less than the minimum time period
(e.g., 1, 2, 3, 4, or 5 minutes, etc.) normally needed to
disconnect a patient monitor from one patient and recon-
nect the patient monitor to another patient. Thus, if the
patient monitor was out of communication for any period
of time less than that minimum disconnection/reconnec-
tion time, the provisional central station concludes that
the patient monitor is still connected to the same patient.
Alternatively, other time periods may be used.

[0083] The provisional central station may determine
whether the patient monitor was recently connected in
various ways. Typically, each central station is adapted
to store patient vital signs data in database system 40.
The vital signs data includes the time of collection by the
patient monitor and/or receipt by the central station.
Thus, the provisional central station may be configured
to access database system 40 to determine the time that
the last vital signs data was received from the patient
monitor. Alternatively, the patient monitor may be con-
figured to determine the length of the dropout and to in-
form the provisional central station, either automatically
or in response to a query from the provisional central
station.

[0084] In addition to the length of time during which
communications were lost, the provisional central station
may be configured also to evaluate other conditions at
step 222. For example, if the prior communications were
dropped intentionally, i.e., in response to a command by
a user, the provisional central station may be configured
to assume that a new patient has been connected to the
patient monitor. In which case, the patient monitor is not
attempting to restore a recent connection, but instead is
attempting to establish a new communications connec-
tion.

[0085] As mentioned above, the provisional central
station proceeds to perform a reconnect process, indi-
cated at 220, if the provisional central station determines
either that the patient monitor continuously monitored the
same patient during the dropout, or that the patient mon-
itor was recently connected to communicate with a pri-
mary central station. During reconnect process 220 the
provisional central station automatically determines
which patient is being monitored by the patient monitor,
and which central station served as the primary central
station before the communications dropout. Typically,
this information is stored by the patient monitorin memory
device 102, and is communicated to the provisional cen-
tral station by the patient monitor. Alternatively, the infor-
mation may be stored in database system 40 and read
by the provisional central station via physical data trans-
port structure 32.
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[0086] In any event, if the provisional central station is
not the primary central station, then the provisional cen-
tral station conveys a message to the primary central
station to take over the remainder of the rendezvous proc-
ess. If the primary central station is available, it begins
communicating with the patient monitor via physical data
transport structure 32 and conducts the remainder of the
configuration process as described below. Likewise, the
patient monitor transmits all subsequent communica-
tions to the primary central station, and the provisional
central station ends further communications with the pa-
tient monitor.

[0087] Alternatively, if the primary central station does
not respond to the provisional central station or is other-
wise unavailable, the provisional central station may be
configured to transmit a message to the patient monitor
that the primary central station is unavailable. In the ex-
emplary embodiment, the patient monitor controller
causes display screen 84 to display a user-interface 114,
such as shown in Fig. 13, including a message that the
primary central station is unavailable. The user-interface
may also include instruction elements 116 which are se-
lectable by a user to instruct the central station to recheck
the availability of the primary central station, or to try a
new primary central station. The clinician or other user
of the patient monitor may use buttons 86 to select the
desired instruction, which the patient monitor then com-
municates to the provisional central station. Depending
on the user’s instructions, the provisional central station
either sends another message to the primary central sta-
tion to take over the communications, or transmits a list
of central stations to the patient monitor. In the latter case,
controller 100 causes the display device to display a list
of central stations, from which the user may select using
buttons 86. The patient monitor transmits the user’s se-
lection to the provisional central station, which sends a
message to the selected central station to take over the
communications. If the selected central station is not
available, the provisional central station informs the pa-
tient monitor and the user either selects a different central
station, or instructs the provisional central station to retry
the selected central station. This process may be repeat-
ed until an available central station is selected to act as
the primary central station. The selected central station
then begins communicating with the patient monitor and
conducts the remainder of the configuration process.
[0088] Once the primary central station takes over the
communications with the patient monitor, the primary
central station is configured to determine the patientiden-
tity (patient ID) of the particular patient being monitored
by the patient monitor. In general, either or both the pri-
mary central station and the patient monitor may be con-
figured to be involved with the determination of patient
ID. For example, the primary central station may deter-
mine the patient ID by transmitting a request for the pa-
tientID to the patient monitor. Ifthe patient monitor cannot
provide the patient ID, the primary central station then
accesses database system 40 to obtain the patient ID
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which was stored during the patient monitor’s last com-
munication session. Once the primary central station de-
termines the identification of the particular patient being
monitored by the patient monitor, the primary central sta-
tion thereafter associates all vital signs data received
from the patient monitor with the particular patient. In
addition, the vital signs data along with other patient in-
formation may be stored on database system 40, and
then retrieved for viewing and analysis at a later time.
[0089] After the primary central station has assumed
the communications with the patient monitor and deter-
mined the identity of the patient being monitored, the pri-
mary central station then determines whether the patient
has been assigned to a particular location, such as a
room number, bed, ward, floor, etc., as indicated at 224
in Fig. 12. This information may then be displayed on
central station monitor 36 to inform the clinician of the
patient’s assigned location. However, in view of the port-
ability of patient monitors 22, a particular patient may be
temporarily absent from his or her assigned location even
though the patient is continuously monitored at the cen-
tral station. In any event, the primary central station de-
termines whether the patient has been assigned to a par-
ticular location by sending a request for the information
to the patient monitor. If the patient monitor is unable to
provide an assigned location, the primary central station
may be configured to search database system 40 for the
information.

[0090] If the primary central station is unable to deter-
mine the assigned location, the central station is config-
ured to query the user of the patient monitor for the pa-
tient’s assigned location, as will be described in more
detail below. Otherwise, the rendezvous and configura-
tion processes are complete, and the primary central sta-
tion proceeds to confirm that no other patient monitor is
monitoring the same patient, as indicated at 226. In ad-
dition to checking the other patient monitors in commu-
nication with the primary central station, the primary cen-
tral station also communicates with other central stations
in network 30 to ensure that the same patient is not being
monitored by a different central station. In the event the
primary central station determines that another patient
monitor is monitoring the same patient, an alarm or other
indication may be displayed at the primary central station
and/or the patient monitor so that a different patient ID
may be selected.

[0091] As described above, the patient monitor is
adapted to automatically attempt to restore communica-
tions with its primary central station in the event the com-
munications are lost. Upon reestablishing communica-
tion, the primary central station (or a provisional central
station, if different than the primary central station) is con-
figured to automatically determine whether the patient
monitor is still connected to the same patient. The central
station may use a variety of mechanisms and methods
to determine whether the patient monitor is still connect-
ed to the same patient, including measuring the length
of time of the communications dropout, and determining
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whether the patient monitor disconnected from the pa-
tient data during the dropout. If the patient monitor is still
connected to the same patient, the central station then
associates the patient monitor with the patient so that
any vital signs data received from the patient monitor is
also associated with the patient. It will be appreciated
that the capability to automatically identify the monitored
patient at the central station after acommunications drop-
out, enables the central station to monitor a large number
of patients without constant intervention by a clinician to
reconfigure a patient monitor each time a dropout occurs.
Furthermore, the automatic configuration ensures that
centralized monitoring of the patient resumes as soon as
the patient monitor restores communication with the cen-
tral station.

[0092] Turning attention back to Fig. 12, if the provi-
sional central station determines that the patient monitor
is not attempting to restore lost communications, the pro-
visional central station proceeds to configure a new mon-
itoring session by determining the identity of the patient
being monitored, the primary central station which will
monitor the patient, and the patient’s assigned location.
When the patient monitor establishes a new communi-
cations connection with the provisional central station,
the patient monitor automatically displays a notification
to a user of the patient monitor on display screen 84. As
will be described below, the notification typically includes
a user-interface operable by a user of the patient monitor
to configure the communications session.

[0093] It will be appreciated that the provisional central
station may determine the identity of the monitored pa-
tient in various ways. For example, even where the pa-
tient monitor has notrecently been in communication with
a central station and has not been monitoring the patient
continuously since its last communication with a central
station, it nevertheless may be more likely than not that
the patient monitor has been reconnected to monitor the
same patient. In the exemplary embodiment therefore,
the provisional central station first determines whether
the identity of the previous patient monitored by the pa-
tient monitor is available, as indicated at 228.

[0094] To determine whether the patient ID of the pre-
vious patient is available, the provisional central station
may be configured first to query the patient monitor. Ex-
emplary patient monitor 22 is configured to store the ID
of the previous patient in memory device 102, unless the
patient ID is cleared by the user. Thus, the exemplary
provisional central station transmits a request to the pa-
tient monitor for the previous patient ID. If the previous
patient ID is available at the patient monitor, the patient
monitor communicates the previous patient ID to the pro-
visional central station. Otherwise, the patient monitor
responds that no patient ID is available.

[0095] If the patient ID is not available at the patient
monitor, the provisional central station may be configured
to search database system 40 for the previous patient ID
associated with the patient monitor. Alternatively, if the
patient monitor is connected to physical data transport
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structure 32 via a hard-wired connection, the provisional
central station may be configured to search the database
system for the previous patient ID associated with the
particular location of the hard-wired connection. This
strategy is based on the likelihood that the patient who
was previously in the room with the hard-wired connec-
tion has not been moved since the last communications
session. In the exemplary embodiment, the provisional
central station is configured to search for the patient ID
associated with the patient monitor if the patient monitor
is communicating via wireless transmissions, and to
search for the patient ID associated with the particular
location of the hardwired connection if the patient monitor
is communicating via wire.

[0096] Ifthe previous patientIDis available (either from
the patient monitor or the database system), the provi-
sional central station communicates an instruction to the
patient monitor to confirm whether the patient currently
being monitored is the same as the last patient monitored,
as indicated at 230. In response, controller 100 automat-
ically causes display screen 84 to display a user-interface
114, such asillustrated in Fig. 14. The user-interface dis-
plays the previous patient’s identity (i.e., the patient’s
name, identifying number, and/or other identifying des-
ignation) and asks the user to confirm that the patient
monitor is connected to the previous patient. Exemplary
user-interface 114 alsoincludes instruction elements 116
which are selectable by the user to indicate that the pa-
tient monitoris oris not connected to the previous patient.
In the exemplary embodiment, the user-interface also
displays the patient’s assigned location, indicated at 118,
and the central station that previously monitored the pa-
tient, indicated at 120. Thus, the clinician or other user
is prompted by user-interface 114 to confirm that the
same patient is being monitored, and is assigned to the
same location, and is to be monitored by the same central
station. Alternatively, the user may indicate that a new
patient is being monitored, or that the patient has been
assigned to a new location, or that the patient should be
monitored by a different central station. The user’s se-
lection is communicated by the patient monitor to the
provisional central station.

[0097] As shown in Fig. 12, if the user confirms the
previous patient, location and primary central station (i.e.,
by selecting the instruction element labeled "YES"), the
rendezvous and configuration processes are complete,
and the primary central station proceeds to confirm that
no other patient monitor is monitoring the same patient,
as indicated at 226 and as discussed above. It should be
noted that if the provisional central station is not the pri-
mary central station, then the provisional central station
sends arequest to the primary central station to take over
the communications and complete the configuration
process, as described above.

[0098] Alternatively, if the user responds by selecting
adifferent one of the instruction elements, the provisional
central station proceeds to determine the necessary con-
figuration information. For example, if the user indicates
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that the patient currently being monitored is not the pre-
vious patient (i.e., by selecting the instruction element
labeled "NO"), the provisional central station determines
whether the patient monitor is configured to display a list
of patients, as indicated at 232. The provisional central
station may determine whether the patient monitoris con-
figured to display a list of patients in various ways, in-
cluding by sending a query to the patient monitor for its
capabilities, or by accessing database system 40 to as-
certain the capabilities of the patient monitor based on
the type of patient monitor. As mentioned above, the type
of the patient monitor may be transmitted to the provi-
sional central station during the initial portion of the ren-
dezvous process.

[0099] Ifthe patient monitor is not configured to display
a list of patients, then the patient ID confirmation process
is passed to the central station, as indicated at 226. The
central station typically is configured to display a user-
interface allowing a clinician to specify the patient ID and
the patient’s assigned location. In addition, the clinician
may instruct the central station to transfer communica-
tions with the patient monitor to a different central station,
as will be described in more detail below. If, on the other
hand, the patient monitor is configured to display a list of
patients, the central station accesses database system
40 to identify at least some of the patients admitted to
the hospital, and transmits a list of those patients to the
patient monitor.

[0100] As indicated at 234, exemplary controller 100
displays the list of patients on display screen 84. An ex-
emplary display screen presenting a list of patients is
illustrated in Fig. 15. Rather than identifying the patient
at the patient monitor, the clinician may operate buttons
86 to instruct that the patient’s ID be selected at the cen-
tral station, as indicated at 236. In which case the patient
ID confirmation process is passed to the central station,
as indicated at 226 and as discussed above. Alternative-
ly, the clinician may select the ID of the monitored-patient
from the patient list. The patient’s ID is then communi-
cated to the central station by the patient monitor. Next,
the central station transmits a list of locations to the pa-
tient monitor controller, which displays the list to the user,
as indicated at 238. Once the user selects the patient’s
assigned location from the list, the controller communi-
cates the information to the central station. Finally, the
central station confirms the patient is not being monitored
by a different patient monitor, as indicated at 226, at
which point the rendezvous and configuration processes
are complete.

[0101] If, at step 230, the clinician indicates that the
patient has been assigned to a different location (i.e., by
selecting the instruction element labeled "NEW ROOM"),
the patient monitor communicates this information to the
central station, which responds by sending a list of loca-
tions to the patient monitor, as described above. The cli-
nician then selects the patient’s assigned location from
the list, as indicated at 238. The location assignment is
communicated to the central station, which then com-
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pletes the rendezvous and configuration processes by
confirming that the patient is not being monitored by a
different patient monitor.

[0102] Returning attention briefly to Fig. 14, if the cen-
tral station that monitored the previous patient will not be
the primary central station, the clinician requests com-
munications with a different central station (e.g., by se-
lecting the control element labeled "NEW UNIT"). The
clinician’s instruction is then communicated to the provi-
sional central station, which responds by transmitting a
list of central stations in network 30. Controller 100 dis-
plays the list of central stations on display screen 84, as
indicated at 240 in Fig. 12. Figure 16 illustrates an ex-
emplary user-interface on display screen 84, including a
list of user-selectable central stations. Once the clinician
selects the desired central station from the list, the se-
lection is communicated to the provisional central station.
If the provisional central station is not the selected central
station, the provisional central station sends a request to
the selected central station to take over the communica-
tions and configuration process. If the selected central
station is available, it takes over the communications with
the patient monitor and completes the configuration proc-
ess. Otherwise, the provisional central station causes the
patient monitor to notify the clinician that the selected
central station is unavailable, as described above.
[0103] Once the a central station is selected to be the
primary central station and assumes the communications
with the patient monitor, the primary central station pro-
ceeds to determine the identity of the patient and the
patient’s assigned location. As described above, the
identity of the patient and the patient’s assigned location
may be entered by the clinician at the patient monitor and
then communicated to the primary central station. Alter-
natively, the patient ID and assigned location may be
specified at the primary central station. In any event, once
the primary central station has confirmed the identity and
the assigned location of the patient, as indicated at 226,
the rendezvous and configuration processes are com-
plete.

[0104] As described above, exemplary configuration
process 216 is adapted to automatically determine the
patient’s identity, etc., whenever possible. This tends to
minimize the amount of effort required by the clinician to
configure the patient monitor for centralized monitoring.
However, it will be appreciated that the provisional central
station may be configured also to determine the patient
identity, primary central station, and assigned location in
other ways. For example, if the patient ID is not available
at step 228, then the exemplary provisional central sta-
tion is configured to determine whether a list of central
stations should be presented to the clinician, as indicated
at 232. Typically, a list of central stations is presented
whenever network 30 includes more than one central sta-
tion. As indicated at 240 and described above, the pro-
visional central station transmits the list of central stations
to the patient monitor for display to the clinician. The cli-
nician selects a desired central station to serve as the
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primary central station. The patient monitor communi-
cates the selection to the provisional central station,
which sends a message to the selected central station
to take over the communications. If the selected central
station is not available, the clinician is informed to make
another selection, as described above. If, at step 242,
the provisional central station determines that a list of
central stations should not be presented to the user, the
provisional central station becomes the primary central
station and completes the remainder of the configuration
process.

[0105] Once the primary central station is in commu-
nication with the patient monitor, the primary central sta-
tion queries the clinician for the patient ID and assigned
location. Alternatively, the patient ID and assigned loca-
tion may be specified at the primary central station. In
any event, the primary central station then confirms that
no other patient monitors are monitoring the same pa-
tient, thereby completing the rendezvous and configura-
tion processes.

[0106] It will be appreciated by those of skill in the art
that the exemplary rendezvous and configuration proc-
essesiillustrated in Figs. 11 and 12 and described above,
provide a variety of capabilities for monitoring patients
via medical telemetry network 30. For example, a clini-
cian may select which central station will monitor the pa-
tient by entering instructions at the patient monitor. The
clinician’s instructions are communicated to the provi-
sional central station, which then sends a request to the
selected central station to take over the communications.
Alternatively, the patient monitor may send a request for
communications directly to the selected central station
in response to the clinician’s instructions. In any event,
the clinician is not required to configure the patient mon-
itor at the central station, but instead may configure and
initiate the central monitoring process without leaving the
patient’s location.

[0107] Furthermore, exemplary patient monitor 22 is
configured to automatically attempt to establish commu-
nications with a central station beginning at power-up.
The patient monitor determines, without user interven-
tion, the communications settings needed to establish a
connection and to communicate with network 30 such as
transmission frequency, IP addresses, synchronization,
etc. Thus, a patient monitor may be shipped from its man-
ufacturing site to any location in the world and the patient
monitor will automatically configure itself to begin com-
munications with a local medical telemetry network ac-
cording to the presentinvention. Similarly, a patient mon-
itor used in a network at one location may be taken to a
different location, where the patient monitor will configure
itself to communicate with the local medical telemetry
network at the different location. As a result, patient mon-
itors 22 may be operated without specialized training or
knowledge in network communications. Instead, clini-
cians may place a new patient monitor in immediate use
simply by powering-up the patient monitor.

[0108] If communications between a patient monitor
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and central station are lost, the patient monitor automat-
ically attempts to restore the communications without re-
quiring reconfiguration. However, if the patient monitor
is attempting to establish a new communications con-
nection, the clinician or other user of the patient monitor
is automatically notified once a communications connec-
tion (either wire or wireless) is established to allow the
monitoring session to be configured. A user-interface for
configuring the monitoring session is automatically dis-
played on the patient monitor display screen. The user-
interface is at least partially defined by instructions re-
ceived from the central station, and is operable by a user
of the patient monitor to identify the monitored patient,
and to select a primary central station to perform the cen-
tral monitoring, etc. After a primary central station is iden-
tified and assumes communications with, and control of,
the patient monitor, the patientis continuously monitored
at the primary central station. In view of the capability of
the patient monitors and central stations to automatically
initiate and configure the centralized monitoring process,
system 20 represents a substantial advancement in pa-
tient monitoring.

[0109] It will be appreciated by those of skill in the art
that the rendezvous and configuration processes de-
scribed above are just one of the many ways in which
the central stations and patient monitors may be config-
ured to establish new communications and/or restore lost
communications. Many variations and modifications to
the rendezvous and configuration processes are possi-
ble. Therefore, it will be understood that the process is
not limited to the particular exemplary processes de-
scribed above, but includes all such processes, varia-
tions, and modifications suitable for establishing commu-
nications between a patient monitor and a central mon-
itoring station via a communications network structure.
[0110] Once patient monitor 22 has established (or re-
stored) communications with the primary central station,
the patient monitor is configured to continuously commu-
nicate the vital signs data it collects to the central station.
In the exemplary embodiment, patient monitor 22 is con-
figured to communicate all vital signs data that is collect-
ed. Alternatively, the patient monitor may be configured
to communicate only a portion of the vital signs data col-
lected. In any event, the central station is configured to
receive the vital signs data and associate it with the pa-
tient being monitored. As mentioned above, the central
station typically is configured to communicate simultane-
ously with a plurality of patient monitors, in which case
the vital signs data received from each patient monitor
is associated with the particular patient connected to that
patient monitor.

[0111] Although patient monitor 22 is adapted to com-
municate with one or more central stations to establish
central monitoring, the patient monitor is also configured
to provide patient monitoring at the patient’s location. As
mentioned above, exemplary controller 100 is adapted
to receive the vital signs data via sensor ports 82, and to
display an image on display screen 84 that represents
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at least a portion of the vital signs data. It will be appre-
ciated that the image may take any of a variety of different
forms which will vary depending on the type of vital signs
data collected. Thus, exemplary patient monitor 22 pro-
vides continuous local monitoring regardless of whether
the patient monitor is in communication with a central
station. Buttons 86 enable a clinician or other user to
control a variety of functions including the information
displayed on display screen 84, the format of the dis-
played image, the vital signs data collected, analysis of
the vital signs data, alarm conditions, etc. For example,
controller 100 may be controllable to display signals from
selected sensor assemblies such as an ECG sensor as-
sembly, or from a selected electrode of the ECG sensor
assembly. In addition, the controller may be configured
to analyze at least some of the collected vital signs data
using one or more user-selectable parameters to provide
additional information.

[0112] Similarly, controller 100 may be configured to
analyze the vital signs data to detect whether the data is
within certain defined nominal ranges, and to indicate an
alarm condition if the controller detects that a portion of
the data is not within the defined ranges. For example,
if the upper and lower parameter values for heart rate
are 120 and 50 beats per minute, respectively, the patient
monitor will indicate an alarm if the detected heart rate
is either greater than 120 orless than 50 beats per minute.
Alternatively, any other portion of the collected vital signs
data may be analyzed for alarm conditions, such as blood
pressure, temperature, oxygen saturation in the patient’s
blood (Sp0O2), etc. Further, the defined nominal ranges
typically are variable parameters and selectable by the
user to specify particular alarm conditions for a particular
patient. Fig. 17 illustrates an exemplary user-interface
displayable on display screen 84, and operable by a cli-
nician to specify the parameter values used by controller
100 to analyze the vital signs data. Alarm indications may
include warning messages on display screen 84 and/or
warning sounds from audio output device 92, etc.
[0113] Patient monitor 22 may also be configured to
detect equipment or communications problems and pro-
vide anindication of the problemto the user. Forexample,
controller 100 may be configured to detect a low power
level in battery assembly 88, a sensor assembly that has
become disconnected from the patient, a malfunction in
buttons 86, lost communications, etc. The indication pro-
vided to the user may be the same as or different than
the indication provided in response to the alarm condi-
tions.

[0114] When patient monitor 22 is in communication
with network 30, the primary central station may be con-
figured to control some or all of the functions of the patient
monitor. This enables a clinician to control a plurality of
remotely distributed patient monitors from a single loca-
tion. In addition, a central station may be configured to
enable a clinician to control all patient monitors in com-
munication with the central station to function identically.
Alternatively, the clinician may control each patient mon-
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itor to function differently.

[0115] Inthe exemplary embodiment, the primary cen-
tral station is configured and operable to change the var-
iable parameter values which define nominal data rang-
es. Thus, the clinician can set or change the detection of
alarm conditions at the primary central station. Instruc-
tions entered by the clinician at the primary central station
are communicated to controller 100. The controller is
configured to change the specified variable value in re-
sponse to the instruction, and to analyze the vital signs
data using the new value. Similarly, the primary central
station may be configured to communicate instructions
to controller 100 specifying what portions of the vital signs
data should be analyzed. For example, it is known to
those of skill in the art that a patient’s heart rate may be
determined from ECG data or from SpO2 data. Thus,
where the patient monitor is collecting both ECG data
and SpO2 data from a patient, a clinician at the central
station may specify which type of data the controller an-
alyzes to determine heart rate.

[0116] In addition, since the central stations typically
have greater data processing capability than the patient
monitors, the primary central station may be configured
to analyze the vital signs data received from the patient
monitor to determine additional information. For exam-
ple, the primary central station may be configured to per-
form ST and/or arrhythmia analysis on the ECG wave-
form data, whereas controller 100 may analyze the ECG
waveform to determine only the patient’s heart rate. If
the primary central station detects an alarm condition as
a result of the analysis, the alarm condition may be dis-
played on central station monitor 36. In addition, the pri-
mary central station may communicate the alarm condi-
tion to the patient monitor and instruct controller 100 to
present an indication of the alarm condition at the patient
monitor. By varying where the vital signs data analysis
occurs (at the central station or at the patient monitor),
the patient monitor’s resources may be concentrated on
collecting the vital signs data and presenting information
to a clinician attending the patient.

[0117] The primary central station may also be config-
ured to control both the types of information and the im-
age displayed on display screen 84. For example, where
the ECG sensor assembly includes a plurality of elec-
trodes, the clinician at the primary central station may
instruct the patient monitor to display the waveform from
a particular one of the electrodes, as shown in Fig. 18.
Alternatively, the clinician may instruct the patient mon-
itor to display the waveforms from a plurality of the elec-
trodes, as shown in Fig. 19. It will be appreciated that
controller 100 may be configured to control display
screen 84 to display any desired information or image
format in response to instructions received from the pri-
mary central station. Alternatively, the controller may be
configured to turn off a portion or all of the display screen
in response to instructions from the central station.
[0118] As described above, the patient monitor and/or
the primary central station may be configured to indicate
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an alarm condition, equipment problem, etc., with at least
one of a visible indicator or an audible indicator. For ex-
ample, Fig. 20illustrates an exemplary image displayable
on display screen 84 which indicates an alarm condition.
Typically, the user-interface will include an icon or other
indicia to specify the cause of the alarm or problem (e.g.,
high heart rate, high temperature, etc.).

[0119] The patient monitor and primary central station
may be configured to continue presenting the indicator
for a predetermined time period, or for as long as the
condition or problem persists. Alternatively, the indicator
may be terminated after a specified period of time, even
if the condition or problem has not ended. In the exem-
plary embodiment, the indicator also may be terminated
(or suspended for a defined time period) if the clinician
acknowledges the indication at the patient monitor and/or
the primary central station. Thus, an alarm condition de-
tected at the primary central station and communicated
tothe patient monitor may be acknowledged at the patient
monitor. The acknowledgement is communicated to the
primary central station, which then terminates the indi-
cation. As a result, a clinician attending the patient need
not leave the patient’s location to return to the primary
central station and acknowledge the alarm.

[0120] Once communications are established be-
tween a patient monitor and a primary central station of
the exemplary embodiment, the patient monitor commu-
nicates all vital signs data to the primary, central station
and is controlled by the primary central station. While
other central stations also may receive the vital signs
data and send instructions for the patient monitor (as will
be described in more detail below), the primary central
station maintains control of the patient monitor and is
responsible for providing the central monitoring. Howev-
er, control and central monitoring of the patient monitor
may be transferred to a different central station, in which
case the different central station is configured to take
over communications with the patient monitor and as-
sume control of the central station.

[0121] In the exemplary embodiment, a clinician may
transfer control of the patient monitor to a different central
station by entering a transfer instruction at the patient
monitor or at the primary central station. If the clinician
is at the patient monitor, controller 100 transmits the
transfer instruction to the primary central station, which
responds by sending a list of central stations to the patient
monitor. The controller displays the list on display screen
84 to allow the clinician to select the desired central sta-
tion. Once the clinician makes a selection, the patient
monitor communicates the selection to the primary cen-
tral station, which sends a request to the selected central
station to take over the communications. If the selected
central station is unavailable, the primary central station
sends a notification to the patient monitor so that the cli-
nician can make another selection. Alternatively, the pa-
tient monitor may communicate with the selected central
station directly. However, if the clinician is at the primary
central station when transferring control, the primary cen-
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tral station sends a request to the selected central station
to take over the communications, as described above.
Once the selected central station takes over as the new
primary central station, the patient monitor communi-
cates all subsequent vital signs data to the new primary
central station.

[0122] As mentioned above, communications drop-
outs between the patient monitor and the primary central
station may occur for a variety of reasons. Once a dropout
occurs, the patient monitor begins attempting to restore
the communications. However, during the dropout, the
patient is not monitored at the central station. Therefore,
the patient monitor may be configured to detect when
central monitoring has ended, and to take additional
steps to minimize any disruption due to the dropout.
[0123] Inthe exemplary embodiment, the patient mon-
itor is configured to function differently when out of com-
munication with a central station. For example, controller
100 may disable buttons 86 (e.g., by disregarding inputs
at the buttons) when the controller is in communication
with a central station so that the functions of the patient
monitor can only be changed at the central station. Al-
ternatively, the controller may suppress alarm indications
at the patient monitor when in communication with a cen-
tral station. Similarly, the controller may turn off the dis-
play when in communication with a central station to con-
serve battery power. The controller may be configured
to perform the above steps either automatically, or in re-
sponse to an instruction from the central station. Howev-
er, the controller typically is configured to activate the
buttons, the display and the alarm indications when not
in communication with a central station.

[0124] Furthermore, some embodiments of patient
monitor 22 include a button 86 operable by the patient
torequest clincian assistance (i.e., a"Nurse Call" button).
In such case, the patient monitor may be configured to
respond differently to activation of the button depending
on whether the patient monitor is in communication with
a central station. For example, the patient monitor may
be configured to sound an audible alarm if the patient
monitor is not in communication with a central station, or
to forward the request for assistance to a central station
without sounding an audible alarm if the patient monitor
is in communication with a central station.

[0125] Similarly, when communications between the
patient monitor and central station are lost, the patient
monitor may be configured to automatically switch from
a centrally-monitored mode, in which the vital signs data
is communicated to a central station that at least partially
controls the patient monitor, to a stand-alone mode, in
which the vital signs data are not communicated to a
central station. Typically, the patient monitor also is con-
figured to automatically switch from the stand-alone
mode to the centrally-monitored mode when the commu-
nications are restored. In other words, the patient monitor
may be configured to automatically relinquish at least
partial control of the patient monitoring process when in
communication with a central station, but to resume full
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control in the event communications are lost.

[0126] In addition to automatically switching between
a stand-alone mode and a centrally-monitored mode, the
patient monitor may also be configured to take any one
or more of a variety of steps to return to the centrally-
monitored mode with minimal disruption. As described
above for example, the exemplary patient monitor is con-
figured to automatically and continuously attempt to re-
store the communications during the dropout. Upon re-
storing a connection to physical data transport structure
32, the patient monitor is configured to reestablish com-
munications with a primary central station and, where
possible, to configure the monitoring session without in-
tervention by a clinician.

[0127] Nevertheless, the vital signs data are not com-
municated to the central station during the dropout. As a
result, further analysis at the central station of the vital
signs data received during the dropout cannot be con-
ducted, and the vital signs data cannot be stored on da-
tabase system 40 for later access. Therefore, exemplary
patient monitor 22 could be configured to store at least
a portion of the vital signs data collected during the drop-
out, and then communicate the stored vital signs data to
the central station once the communications are re-
stored. The vital signs data may be stored in memory
device 102 and/or some other data storage buffer. In any
event, the data collected during a dropout period would
not be lost.

[0128] It will be appreciated that, depending on the
length of the dropout, the vital signs data collected may
exceed the patient monitor’s storage capacity. Therefore,
the patient monitor may be configured to store only a
portion of the vital signs data collected once it detects
the dropout. For example, the patient monitor may be
configured to begin storing the data immediately after
detecting the dropout, and then cease storing new data
once the memory device is full. Alternatively, the patient
monitor may be configured to begin storing the data im-
mediately, and once the memory storage is full, to begin
storing subsequentdatain place of the oldest stored data.
As a further alternative, the patient monitor may be con-
figured to store only data from selected sensor assem-
blies rather than all sensor assembilies.

[0129] As another alternative, the patient monitor may
be configured to store portions of the vital signs data
which meet defined criteria. In the exemplary embodi-
ment for example, controller 100 is configured to analyze
the vital signs data received during a dropout, and to
detect the occurrence of a medically-significant event
based on the vital signs data. The controller only stores
data that corresponds to the occurrence of a medically-
significant event. Examples of typical medically-signifi-
cant events include alarm conditions, arrhythmia, activa-
tion of the Nurse-Call button, etc. The amount of data
stored may vary depending on the event. Typically, a
continuous sequence of data is stored from a point in
time several seconds or minutes before the event is de-
tected to several seconds or minutes after the eventends.
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Thus, several running seconds or minutes of prior data
are continuously buffered until an event is detected, at
which point all or a portion of the data is stored until the
event ends.

[0130] It will be appreciated that the criteria defining a
medically-significant event may vary depending on the
type of event, the type of sensor assembly that collects
the data, the condition of the patient, the clinician’s judg-
ment, etc. The patient monitor may be pre-programmed
with the criteria defining medically-significant events. Al-
ternatively, the criteria for medically-significant events
may be programmed into the patient monitor by the cli-
nician or received from the central station. In any event,
by storing only data corresponding to the occurrence of
medically-significant events, the patient monitor is able
to conserve data storage capacity while ensuring that
communication dropouts do not prevent the primary cen-
tral station from receiving the most important vital signs
data.

[0131] Alternatively, or additionally, exemplary patient
monitor 22 may be configured to selectively store data
under other conditions. For example, controller 100 may
store data at selected time intervals, or in response to an
instruction from a clinician via buttons 86, etc. Thus, it
will be appreciated that the patient monitor may be con-
figured to selectively store data under any conditions as
desired for a particular application.

[0132] In the embodiments described above, patient
monitor 22 communicates collected vital signs data to a
single central station, referred to herein as the primary
central station. Likewise, the patient monitor is controlled
by the primary central station. However, in other embod-
iments, the patient monitor may be configured to broad-
cast the vital signs data it collects to a plurality of central
stations, and to receive and execute instructions from a
plurality of central stations. As a further alternative, the
primary central station may be configured to convey vital
signs data received from a patient monitor to one or more
other central stations.

[0133] AsshowninFig. 21, exemplary primary central
station 24a is configured to receive vital signs data from
patient monitor 22, and to forward the vital signs data to
one or more secondary central stations 24b. The vital
signs data received from the patient monitor may then
be displayed at the secondary central station(s) as well
as at the primary central station. Typically, the secondary
central station communicates a request to the primary
central station to receive a particular patient’s vital signs
data. In response to the request, the primary central sta-
tion is configured to continuously forward all vital signs
data it receives that is associated with the particular pa-
tient. In addition, instructions entered at a secondary cen-
tral station are communicated to the primary central sta-
tion, which forwards the instructions to the patient monitor
for execution. Thus, from the point of view of a clinician
monitoring the patient, a secondary central station pro-
vides the same capabilities as the primary central station.
However, some functions are performed only at the pri-
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mary central station, such as storing or archiving the vital
signs data to database system 40, performing arrhythmia
analysis, etc.

[0134] It will be appreciated that communicating the
vital signs data to one or more secondary central stations
allows the patient’s data to be monitored by clinicians at
plural locations within the hospital. Thus, there is no need
for a clinician to travel to a different floor, or care unit,
etc., of the hospital to view the data from a particular
patient. Similarly, a clinician endeavoring to monitor a
particular patient is not restricted to a single location, but
instead can monitor the patient from a variety of different
locations.

[0135] In addition to providing central monitoring from
multiple locations, secondary central stations 24b may
also be configured to provide a failsafe in the event of a
failure involving the primary central station. Thus, in the
exemplary embodiment, at least one of the secondary
central stations is configured to automatically attempt to
take over communications with the patient monitor if com-
munications between primary central station 24a and the
patient monitor are lost. The secondary central station
may be configured to detect the loss of communications
from the primary central station in a variety of ways. In
the exemplary embodiment, the secondary central sta-
tion is configured to detect a loss of communications with
the primary central station(even a sudden, catastrophic
one such as loss of power). In response to the message,
the secondary central station would then attempt to es-
tablish communications with the patient monitor. Addi-
tionally, the secondary central station is configured to
monitor the communications it receives from the primary
central station, and if the primary central station suddenly
stops communicating (e.g., due to loss of power, mal-
function, etc.) for a defined period of time, the secondary
central station is configured to attempt to establish com-
munications with the patient monitor. Alternatively, the
patient monitor may be configured to transmit a request
for communications to the secondary central station in
the event the primary central station stops communicat-
ing.

[0136] Once the secondary central station establishes
communications with the patient monitor, the secondary
central station takes over the functions of the primary
central station. Alternatively, the clinician may be prompt-
ed to select a new primary central station for further mon-
itoring. Where plural secondary central stations are mon-
itoring the patient monitor, the first secondary central sta-
tion to establish communications with the patient monitor
takes over as the primary central station. The new pri-
mary central station then begins forwarding the vital signs
data received from the patient monitor to the remaining
secondary central stations. Thus, the patient continues
to be monitored at a central location staffed by clinicians,
and the vital signs data collected from the patient contin-
ues to be stored for later retrieval.

[0137] As described above, patient monitor 22 and
central stations 24 are configured to automatically estab-
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lish and maintain communications while the patient mon-
itor is monitoring a patient. However, patient monitor 22
may also be operable to end the communications with
the central station(s). This provides an intentional and
controlled termination of communications so that the pa-
tient monitor and/or the central stations do not automat-
ically attempt to restore communications. In the exem-
plary embodiment, the patient monitor is operable by a
clinician (e.g., using buttons 86) to transmit an end-com-
munications signal to the primary central station. The pri-
mary central station is configured to send a confirmation
of the end-communications signal to the patient monitor,
which is displayed to the clinician at the patient monitor.
The primary central station may also send a notification
to the secondary central stations, if any.

[0138] Once the end-communications signal has been
received and confirmed, the patient monitor may be pow-
ered down by the clinician without causing the primary
central station to report a loss of communications. The
primary central station will of course detect the loss of
communication, but will be configured not to report this
type of loss because it is expected. Alternatively, the pri-
mary central station will terminate the communications
after a defined delay period even though vital signs data
were still being received. If the patient monitor is still op-
erating and collecting data after the communications are
terminated, the patient monitor would be required to ini-
tiate the rendezvous process described above to resume
centralized monitoring of the patient. Any monitoring pa-
rameters, alarm conditions, etc., that were changed at
the patient monitor in response to an instruction from the
central station would be reset to the nominal default val-
ues stored by the patient monitor. Likewise, any moni-
toring parameters, alarm conditions, etc., that were
changed at the central station in response to an instruc-
tion from the clinician at the patient monitor, would be
reset to the nominal default values stored by the central
station.

[0139] AsshowninFigs. 1and2 and described above,
patient monitor 22b is configured to establish communi-
cations with a central station and communicate vital signs
data via either one of output port 96 or wireless trans-
ceiver 104 (illustrated in Fig. 7). In addition, exemplary
patient monitor 22b is configured to detect whether output
port 96 is connected to physical data transport structure
32 (either directly or through terminal server 42), and to
switch automatically between wireless communications
and wire communications depending on whether the out-
put port is connected to the network structure. For exam-
ple, where patient monitor 22b is initially in communica-
tions with a central station via output port 96 and the
output port is disconnected from physical data transport
structure 32, then controller 100 is configured to auto-
matically associate with an access point and continue
the communications with the central station via wireless
transceiver 104. Similarly, where patient monitor 22b is
in wireless communications with a central station when
output port 96 is connected to physical data transport
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structure 32, controller 100 is configured to automatically
cease communicating via wireless transceiver 104, and
instead to communicate with the central station via the
output port. Thus, the clinician can select whether patient
monitor 22b communicates using wire or wireless com-
munications by connecting and disconnecting, respec-
tively, output port 96 to physical data transport structure
32.

[0140] As mentioned above, patient monitor 22 may
also be configured to establish communications with a
central station to download newer versions of the control
software stored in memory device 102 and executable
by controller 100. It will be appreciated that the download
process may be carried out in any of a variety of different
ways within the scope of the invention. It should also be
understood that the control software could be for any
component of the patient monitor, such as by way of ex-
amples, computer cards associated with any/all of the
sensor assemblies (e.g. a pulse oximetry card, an NIBP
card, etc.), computer cards associated with radio telem-
etry, etc.

[0141] In the exemplary embodiment, patient monitor
22 is operable by a user to request a software update.
Inresponse to the user’s instructions, the patient monitor
attempts to establish communications with one or more
central stations, and transmits a query for new versions
of the software to the central stations. The query is in-
cluded as a part of the request for communications which
the patient monitor broadcasts to the central stations dur-
ing the rendezvous process. Each central station re-
sponding to the request indicates the version of the soft-
ware stored at the central station. The patient monitor
waits a defined period (e.g., 10 seconds) to receive re-
sponses from the central stations, and then selects a
central station with the newest version of the software.
Thus, even where the central stations have multiple ver-
sions of the software, the patient monitor is configured
to determine which central station(s) has the newest ver-
sion and to download the software from the central station
with the newest version. This allows a system adminis-
trator to store new versions of the software on just one
or a few of the central stations, and then operate the
patient monitors to automatically find and download the
newest software.

[0142] Once a central station with the newest version
of the software is selected, the patient monitor transmits
a request to the selected central station to download the
new software. The selected central station responds by
transmitting the new software via either wire or wireless
communications, depending on whether the patient mon-
itor is communicating via output port 96 or wireless trans-
ceiver 104. The software download may be carried out
using any of a variety of methods or protocols, such as
Trivial File Transfer Protocol (TFTP), etc. Typically, the
patient monitor and selected central station verify that
the software was accurately received at the patient mon-
itor using one or more of a variety of error-checking meth-
ods known to those of skill in the art. Once the patient
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monitor receives the new software, controller 100 up-
dates the control software by installing the new software.
The controller may carry out this updating process for
control software of any of components of the patient mon-
itor as described above.

[0143] As described above, a system for continuously
monitoring a plurality of patients at one or more central
stations using a plurality of portable patient monitors is
provided. Further, a method for monitoring a patient at a
central location, as indicated generally at 300 in Fig. 22
is provided. The method is implemented by software run-
ning on patient monitors 22, central stations 24, and/or
other components of system 20. The method includes,
at step 310 establishing wireless communications be-
tween a patient monitor and a communications network
having at least one wireless transceiver and a plurality
of central stations. Then communicating a list of the plural
central stations to the patient monitor via the wireless
transceiver, as indicated at step 320. Alternatively, the
list of the plural central stations may be provided to, or
stored on, the patient monitor in other ways. In any event,
method 300 proceeds with selecting, at the patient mon-
itor, one of the plural central stations, as indicated at 330.
Then collecting, at the patient monitor, vital signs data
from a patient, as indicated at step 340. The vital signs
data are communicated to the wireless transceiver, at
step 350, and then communicated from the wireless
transceiver to the selected central station, at step 360.
[0144] A further method for monitoring patients is in-
dicated generally at 400 in Fig. 23. Method 400 includes,
at step 410, establishing communications between a
wireless patient monitor and a central station adapted to
receive vital signs data from a plurality of patients. Con-
figuring the patient monitor to collect vital signs data from
a particular one of the plural patients, at step 420. Com-
municating a list of the plural patients from the central
station to the patient monitor, as indicated at step 430.
Alternatively, the list of patients may be provided to, or
stored on, the patient monitor in other ways. In any event,
method 400 continues at step 440 with identifying, at the
patient monitor, the particular patient. Communicating
the identity of the particular patient to the central station,
at step 450. Communicating the vital signs data collected
from the particular patient to the central station, as indi-
cated at step 460. Finally, associating, at the central sta-
tion, the vital signs data with the particular patient, as
indicated at step 470.

[0145] Another method for monitoring patients is indi-
cated generally at 500 in Fig. 24. Method 500 includes,
at step 510, establishing wireless communications be-
tween a patient monitor and a central station. Collecting
vital signs data from a patient at the patient monitor, at
step 520. Communicating the vital signs data from the
patient monitor to the central station, at step 530. In the
event that communications between the patient monitor
and the central station are lost, detecting thatloss of com-
munications, at step 540. Storing at least a portion of the
vital signs data at the patient monitor while the patient
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monitor is out of communications with the central station,
as indicated at step 550. Restoring wireless communi-
cations between the patient monitor and the central sta-
tion, at step 560. Then, communicating at least a portion
of the stored vital signs data from the patient monitor to
the central station, as indicated at step 570.

[0146] Another method for monitoring patients is indi-
cated generally at 600 in Fig. 25, and includes establish-
ing wireless communications between a patient monitor
and a first central station, as indicated at step 610. Col-
lecting vital signs data from a patient at the patient mon-
itor, at step 620. Communicating the vital signs data from
the patient monitor to the first central station, at step 630.
So long as communications between the patient monitor
and the first central station are maintained, the patient
monitor continues to communicate the vital signs data to
the first central station, as indicated at 640. However, in
the event communications between the patient monitor
and the first central station are lost, then wireless com-
munications are automatically established between the
patient monitor and a second central station, as indicated
at step 650. Finally, communicating the vital signs data
from the patient monitor to the second central station, at
step 660. It should also be noted that when a clinician
using the patient monitor transfers communication to a
different central station, there is a transition time (pres-
ently that duration is in the range of about 5-10 seconds).
During that transition time, the patient monitor could be
configured to store data for later uploading to the different
central station chosen by the clinician.

[0147] Another method for monitoring patients is indi-
cated generally at 700 in Fig. 26. Method 700 includes,
at step 710, establishing wireless communications be-
tween a patient monitor connected to a particular one of
plural patients and a central station. Communicating the
identity of the particular patient from the patient monitor
to the central station, at step 720. As noted above in
connection with the determination of patient ID, either or
both the central station and the patient monitor may be
involved with this determination. The patient monitor may
be adapted to detect the disconnection of the particular
patient from the patient monitor, and also adapted to send
a patient-disconnection signal to the central station if the
particular patientwas disconnected from the patient mon-
itor during the period of time the communications were
lost. The central station could then determine patient ID
by associating the patient-disconnection signal with the
patient monitor and received patient vital signs data from
that patient monitor. Alternatively, the patient monitor
could be adapted to detect the identity of the particular
patient and inform the central station of the identity of
that particular patient.

[0148] Collecting vital signs data from the particular
patient at the patient monitor, as indicated at 730. Then,
communicating the vital signs data to the central station,
at step 740, and associating, at the central station, the
patient monitor with the particular patient, as indicated
at step 750. So long as communications between the
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patient monitor and the central station are maintained,
the patient monitor continues to communicate the vital
signs data to the central station, which associates the
vital signs data with the particular patient, as indicated
at 760. In the event communications between the patient
monitor and the central station are lost for a period of
time, reestablishing the communications between the pa-
tient monitor and the central station, at step 770. Then,
automatically determining, at the central station, whether
the patient monitor is still connected to the particular pa-
tient, as indicated at step 780. Finally, if the patient mon-
itor is still connected to the particular patient, then asso-
ciating the patient monitor with the particular patient.
[0149] In addition to the exemplary methods for mon-
itoring patients described above, it will be appreciated
that the configuration and operation of system 20 is not
limited to the exemplary methods as many variations and
modifications are possible. Further, system 20 may be
configured and operated to monitor patients according
to a variety of other methods.

Claims

1. A wireless patient monitor (22) having means for se-
lectively communicating with any one of a plural
medical telemetry networks (30), each said network
having one or more central monitoring stations (24),
where each network (30) is configured to communi-
cate via wireless communications using one of mul-
tiple different routing communications settings, the
monitor comprising:

one or more sensor inputs (82) for receiving vital
signs data from a patient;

a wireless transceiver (104) configured to trans-
mit and receive wireless communications; and
a controller (100) coupled to receive the vital
signs data via the one or more sensor inputs
(82) and to communicate with a network (30) via
the wireless transceiver (104);

where the controller (100) is configured, upon
initial power-up, to automatically transmit a sig-
nal to a local one of the plural networks via the
wireless transceiver to request the communica-
tions settings used by the local network, and to
establish communications with at least one of
the central monitoring stations on the local net-
work using the communications routing settings
received from the local network without interven-
tion from a user of the patient monitor (22).

2. The monitor of claim 1, where the controller (100) is
configured to transmit the vital signs data to the at
least one central station (24) using the selected com-
munications settings.

3. The monitor of claim 2, where the controller (100) is
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configured to transmit the vital signs data to the at
least one central station (24) without intervention
from the user.

4. The monitor of claim 1, where the communications
settings include a communications address for the
monitor (22).

5. The monitor of claim 1, where the communications
settings include a communications address for the
at least one central station (24).

6. The monitor (22) of claim 1, wherein said monitor
(22) is selectively operable by a user in two modes,
a first mode in which said monitor (22) acts as a
stand-alone device and a second mode in which said
monitor (22) communicates with any one of said plu-
ral of networks (30).

7. The monitor (22) of claim 6, wherein said monitor
(22) continuously collects and transmits vital signs
data when in said second mode.

8. The monitor (22) of claim 1, in which said monitor
(22) is patient-wearable.

Patentanspriiche

1. Ein drahtloses Patienteniiberwachungsgerat (22)
mit Mitteln zum wahlweisen Kommunizieren mit ir-
gendeinem aus einer Mehrzahl medizinischer tele-
metrischer Netzwerke (30), wahrend jedes Netzwerk
eine oder mehrere zentrale Uberwachungsstationen
(24) aufweist, wobei jedes Netzwerk (30) konfiguriert
ist, um mittels drahtloser Kommunikation unter Ver-
wendung von einer aus mehreren verschiedenen
Leitkommunikationseinstellungen zu kommunizie-
ren, wahrend das Uberwachungsgerat umfasst:

einen oder mehrere Sensoreingénge (82) zum
Empfangen von Lebenszeichendaten von ei-
nem Patienten,

einen drahtlosen Transceiver (104), der konfi-
guriert ist, um drahtlose Kommunikation zu
Ubermitteln und zu empfangen, und

eine Steuereinheit (100), die gekoppelt ist, um
die Lebenszeichendaten lber den einen oder
die mehreren Sensoreingadnge (82) zu empfan-
gen und mit einem Netzwerk (30) Uber den
drahtlosen Transceiver (104) zu kommunizie-
ren,

wahrend die Steuereinheit (100) konfiguriert ist,
auf anfangliches Einschalten automatisch ein
Signal zu einemlokalen von den mehreren Netz-
werken Uber den drahtlosen Transceiver zu
Ubermitteln, um die Kommunikationseinstellun-
gen abzufragen, die durch das lokale Netzwerk
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verwendet werden, und um Kommunikation mit
mindestens einer der zentralen Uberwachungs-
stationen auf dem lokalen Netzwerk unter Ver-
wendung der Kommunikationsleiteinstellungen
auszubilden, die von dem lokalen Netzwerk
ohne Eingriff eines Benutzers des Patienten-
Uberwachungsgerats (22) empfangen wurden.

2. Das Uberwachungsgerat gemaR Patentanspruch 1,
wobei die Steuereinheit (100) konfiguriert ist, um die
Lebenszeichendaten zu der mindestens einen zen-
tralen Station (24) unter Verwendung der ausge-
wahlten Kommunikationseinstellungen zu tbermit-
teln.

3. Das Uberwachungsgerat gemaR Patentanspruch 2,
wobei die Steuereinheit (100) konfiguriert ist, um die
Lebenszeichendaten zu der mindestens einen zen-
tralen Station (24) ohne Eingriff von dem Benutzer
zu Ubermitteln.

4. Das Uberwachungsgerit gemaR Patentanspruch 1,
wahrend die Kommunikationseinstellungen eine
Kommunikationsadresse fiir das Uberwachungsge-
rat (22) umfassen.

5. Das Uberwachungsgerat gemaR Patentanspruch 1,
wobei die Kommunikationseinstellungen eine Kom-
munikationsadresse flr die mindestens eine zentra-
le Station (24) umfassen.

6. Das Uberwachungsgeradt (22) gemaR Patentan-
spruch 1, wahrend das Uberwachungsgerat (22)
durch einen Benutzer wahlweise in zwei Modi be-
treibbar ist, einem ersten Modus, in dem das Uber-
wachungsgerat (22) als eine eigenstandige Vorrich-
tung agiert, und einem zweiten Modus, in dem das
Uberwachungsgerét (22) mit irgendeinem aus der
Mehrzahl von Netzwerken (30) kommuniziert.

7. Das Uberwachungsgerat (22) gemaR Patentan-
spruch 6, wahrend das Uberwachungsgerét (22) Le-
benszeichendaten kontinuierlich sammelt und Gber-
mittelt, wenn es in dem zweiten Modus ist.

8. Das Uberwachungsgerat (22) gemaR Patentan-
spruch 1, in dem das Uberwachungsgerat (22) pati-
ententragbar ist.

Revendications

1. Posteindividuel sans fil (22) ayant des moyens pour
communiquer sélectivement avec I'un quelconque
d’une pluralité de réseaux de télémesure médicaux
(30), chaque dit réseau ayant une ou plusieurs sta-
tions de surveillance centrales (24), ou chaque ré-
seau (30) est configuré pour communiquer par le
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biais de communications sans fil en utilisant un de
multiples réglages de communications de routage
différents, le poste comprenant :

une ou plusieurs entrées de capteur (82) pour
recevoir des données de signes vitaux prove-
nant d’un patient ;

un émetteur-récepteur sans fil (104) configuré
pour transmettre et recevoir des communica-
tions sans fil ; et

un contréleur (100) raccordé pour recevoir les
données de signes vitaux par le biais de la ou
des entrées de capteur (82) et pour communi-
quer avec un réseau (30) par le biais de I'émet-
teur-récepteur sans fil (104) ;

ou le contrdleur (100) est configuré, suite a une
mise sous tension initiale, pour transmettre
automatiquement un signal a un réseau local de
la pluralité de réseaux par le biais de I'émetteur-
récepteur sans fil afin de demander les réglages
de communications utilisés par le réseau local
et d’établir des communications avec au moins
une des stations de surveillance centrales sur
le réseau local en utilisant les réglages de rou-
tage de communications regus depuis le réseau
local sans intervention d’'un utilisateur du poste
individuel (22).

Poste selon larevendication 1, ou le contréleur (100)
est configuré pour transmettre les données de si-
gnes vitaux a I'au moins une station centrale (24) en
utilisant les réglages de communications sélection-
nés.

Poste selon larevendication 2, ou le contréleur (100)
est configuré pour transmettre les données de si-
gnes vitaux a I'au moins une station centrale (24)
sans intervention de l'utilisateur.

Poste selon la revendication 1, ou les réglages de
communications incluent une adresse de communi-
cations pour le poste (22).

Poste selon la revendication 1, ou les réglages de
communications incluent une adresse de communi-
cations pour I'au moins une station centrale (24).

Poste (22) selon la revendication 1, dans lequel ledit
poste (22) peut sélectivement étre opéré par un uti-
lisateur dans deux modes, un premier mode dans
lequel ledit poste (22) agit comme dispositif autono-
me et un second mode dans lequel ledit poste (22)
communique avec I'un quelconque de ladite pluralité
de réseaux (30).

Poste (22) selon la revendication 6, dans lequel ledit
poste (22) recueille et transmet en continu des don-
nées de signes vitaux lorsqu’il est dans ledit second
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mode.

8. Poste (22) selon la revendication 1, dans lequel ledit
poste (22) peut étre porté par un patient.
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